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1 Introduction

Reducing DCI format sizes was discussed in Rel-12 and captured in TR 36.888 [1] as “compact DCI format and higher aggregation level can be used to enhance the (E)PDCCH coverage, and reduce the repetition number”. For Rel-13 low cost UEs [2], reducing DCI format sizes can improve UE power consumption and network spectral efficiency particularly as M-PDCCH receptions by Rel-13 low cost UEs will experience performance degradation due to single Rx antenna and reception within 6 RBs (M-PDCCH is the DL control channel for Rel-13 low cost UEs) relative to Rel-12 Cat-0 UEs. Therefore, compact DCI formats are more important for Rel-13 UEs and the associated benefits of reduced UE power consumption and improved network spectral efficiency will be obviously more pronounced for Rel-13 low cost UEs requiring coverage enhancements.
This contribution considers aspects related to the necessary fields to be included in UL/DL DCI formats for unicast scheduling of Rel-13 low cost UEs, particularly for coverage enhanced operation. A separate contribution discusses support for multi-subframe scheduling and for UE-group scheduling [3].
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 not needed for Rel-13 low cost UEs configured to receive M-PDCCH with repetitions. This does not preclude introducing new fields if a respective necessity is found. Moreover, in order to minimize the number of blind decoding operations a Rel-13 low cost UE needs to perform, the DCI format scheduling PDSCH transmissions and the DCI format scheduling PUSCH transmission can be designed to have the same size (as for DCI format 0 and DCI format 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 with repetitions.
Table 1: DCI Format 0 Fields
	DCI Format 0 Field
	Number of Bits
	Comment

	Differentiation Flag for DCI Format 0 vs. DCI Format 1A
	1
	Needed if UL/DL DCI formats for Rel-13 low cost UE have same size

	RB assignment and hopping 
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	Enumeration to address 1 RB within 6 RBs ( 3 bits

	FH Flag
	1
	Not needed – FH is by default or by configuration (per group of SFs to enable DMRS filtering)

	MCS and RV
	5
	Can be reduced – also, RV is not needed as chase combining suffices for small TB sizes

	NDI
	1
	Needed (particularly if no PHICH substitute)

	TPC Command
	2
	Not needed – max transmission power for repetitions

	CS and OCC Index 
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	3
	Not needed – no benefit from MU-MIMO for PUSCH over 1 RB (or less) and no PHICH support

	CSI Request
	1
	FFS

	SRS Request
	1
	Not needed – DMRS can serve as SRS

	DL Assignment Index (DAI) 
	0 (FDD) or 2 (TDD)
	Not needed in case of PDSCH repetitions 

	UL Index 
	0 (FDD) or 2 (TDD)
	Not needed in case of PDSCH repetitions

	Padding Bits (for size 0 = size 1A)
	3 (FDD) or 5 (TDD)
	FFS

	C-RNTI/CRC
	16
	FFS whether can be reduced to 8

	TOTAL (6 RBs)
	39 (FDD), 43 (TDD)
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If P-CSI is not supported for UEs requiring coverage enhancements due to measurement accuracy and associated power consumption considerations, it is FFS whether A-CSI needs to be supported [4].
Table 3 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
	DCI Format 1A Field
	Number of Bits
	Comments

	Differentiation Flag for DCI Format 0 vs. DCI Format 1A
	1
	Needed if UL/DL DCI formats for Rel-13 low cost UE have same size

	RB assignment 
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	Not needed as 6 RBs are used for PDSCH repetitions – starting 6 RBs can be configured

	Distributed/Localized Transmission Flag
	1
	Not needed - FH is by default or by configuration (per group of SFs to enable DMRS filtering)

	MCS
	5
	Can be reduced in size

	NDI
	1
	Needed

	RV
	2
	Not needed – chase combining suffices

	HARQ Process Number
	3 (FDD) or 4 (TDD)
	Reduced size (minimal impact in general - no impact for PDSCH repetitions or for HD-FDD)

	TPC Command
	2
	Not needed – HARQ-ACK/SR transmission is with maximum power in case of repetitions 

	SRS Request
	1
	Not needed

	DAI – for TDD
	0 (FDD) or 2 (TDD)
	Not needed for repetitions

	HARQ-ACK Resource Offset
	2
	Not needed [5]

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

	RNTI
	16
	FFS whether can be reduced to 8

	TOTAL (6 RBs)
	39 (FDD), 43 (TDD)
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CRC represents a significant portion of the total DCI format size. Reducing the CRC size from 16 bits to 8 bits, for example, may be acceptable if an increased false CRC check probability is tolerated. This is because multiple M-PDCCH repetition levels can be configured to a Rel-13 low cost UE and CRC false checks can occur with probability of 1/2L, where L is the CRC length, when the UE attempts to detect the DCI format with a number of repetitions that is substantially smaller (e.g. 4x smaller) than the required number of repetitions as the reduced combined SINR can be low enough to result to 50% bit-error-rate. For L=8, the false CRC check probability is 1/256 (assuming a single M-PDCCH candidate). This can be tolerated as it is comparable to the NACK-to-ACK BER target of 0.1%. 

SINR gains associated with DCI format size reduction are ~2 dB when the DCI format size is reduced from 43 bits (payload size of 27 bits) to 26 bits (payload size of 10 bits) [6] and, using an approximation according to the payload size reduction, ~4 dB when the DCI format size is reduced from 43 bits to 16 bits. Given that ~64 repetitions are required to provide 1% BLER for DCI format size of 43 bits (payload of 27 bits) [7] at –15.6 dB SINR (2 dB BLER loss assumed for M-PDCCH relative to PDCCH [8]) and that 2x repetitions improve SINR by ~2dB (~1 dB is lost at low SINRs due to limitations in improving channel estimation accuracy), an UL/DL compact DCI format can reduce the required M-PDCCH repetitions from 64 to 32 or 16. 
Proposal 1: For Rel-13 low cost UEs with enhanced coverage operation, reduce UL DCI format size by reducing or by eliminating the following fields of DCI format 0: RB assignment, FH flag, MCS and RV, TPC command, CS and OCC index, DAI, UL index, SRS request, and possibly the CRC. 

Proposal 2: For Rel-13 low cost UEs with enhanced coverage operation, reduce DL DCI format size by reducing or by eliminating the following fields of DCI format 1A: RB assignment, D/L flag, MCS, RV, HARQ process number, TPC command, DAI, SRS request, and possibly the CRC. 

3 Conclusions

This contribution considered aspects for the reduction of DCI format sizes for Rel-13 low cost UEs operating with coverage enhancements. In particular, the following are proposed.
Proposal 1: For Rel-13 low cost UEs with enhanced coverage operation, reduce UL DCI format size by reducing or by eliminating the following fields of DCI format 0: RB assignment, FH flag, MCS and RV, TPC command, CS and OCC index, DAI, UL index, SRS request, and possibly the CRC. 

Proposal 2: For Rel-13 low cost UEs with enhanced coverage operation, reduce DL DCI format size by reducing or by eliminating the following fields of DCI format 1A: RB assignment, D/L flag, MCS, RV, HARQ process number, TPC command, DAI, SRS request, and possibly the CRC. 
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