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1 Introduction

DCI formats for Rel-13 low cost UEs were discussed during RAN1#82 M-PDCCH and the following was agreed as a working assumption.

Working assumption:

· 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)

This contribution considers the fields to be included in UL/DL DCI formats for unicast scheduling for a UE requiring normal coverage or small coverage enhancements and for a UE requiring larger coverage enhancement. 

2 DCI Formats
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 primarily due to single Rx antenna but also due to reception within 6 RBs relative to Rel-12 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.

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, unless DL DCI formats and UL DCI formats have materially different size requirements (such as above ~10%), it would be preferable to have a same size for the two DCI format types in order to minimize the number of blind decoding operations a Rel-13 low cost UE needs to perform. Additionally, there is no need to have a design constraint that a DCI format for Rel-13 low cost UEs has a same size as an existing DCI format as there is no identifiable benefit, and there are actually drawbacks, to operation of Rel-13 low cost UEs by such constraint.

Observation 1: Unless the DL DCI format size is materially different than the UL DCI format size, the two DCI format types can have the same size (with padding, if needed) in order to minimize the number of blind decoding operations.
Observation 2: There is no need to have a design constraint that a DCI format for Rel-13 low cost UEs has a same size as an existing DCI format.

Another important aspect is whether the CRC length can be reduced to less than 16 bits. CRC length reduction may offer a significant reduction in the DCI format size but also results to an increased probability for false CRC checks. Whether CRC length reduction is possible depends on the reduction factor in the number of blind decoding operations for Rel-13 low cost UEs relative to legacy UEs, on the relative impact for false CRC checks for Rel-13 low cost UEs, and on the reference legacy operation. For example, assuming legacy operation with single cell and with UL SU-MIMO, the total number of blind decoding operations is 60. If the number of blind decoding operations for Rel-13 low cost UEs is ~15 (for normal coverage but also for extended coverage with 4 repetition levels), CRC length can be reduced by 2 bits. Assuming legacy operation with 5 cells for DL CA as reference, the total number of blind decoding operations is 5x32+12=172 and CRC length in DCI formats for Rel-13 low cost UEs can be reduced by 3-4 bits. As the CRC is scrambled by the C-RNTI that has 16 bits, CRC length reduction needs to involve additional mechanisms beyond the need for a new CRC generator. Therefore, instead of reducing the CRC length, it is preferable to use the ability for operation with smaller CRC length in DCI formats for Rel-13 low cost UEs to convey 2-4 bits of information by using different CRC scrambling [1]. 

Observation 3: 2-4 bits of information in DCI formats for Rel-13 low cost UEs can be provided by CRC scrambling. 

The following are assumed in the design of DCI formats for Rel-13 low cost UEs.

a) DCI formats for UEs in normal coverage and in small enhanced coverage are same (DCI format M1).  
b) DCI formats for UE is all other coverage levels are same (DCI format M2)
c) DCI format indicates (explicitly or implicitly) number of PDSCH or number of PUSCH repetitions

d) DCI format indicates (explicitly or implicitly) number of M-PDCCH repetitions
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 UL DCI format (DCI Format 0M) for Rel-13 low cost UEs in normal coverage or small coverage extension.
Table 1: DCI Format 0M comparison to DCI Format 0 (Normal Coverage or Small CE)
	DCI Field
	DCI Format 0 Bits
	DCI Format 0M Bits

	Differentiation Flag 
	1
	1

Comment: DL DCI format size = UL DCI format size

	PUSCH Repetitions
	N/A
	FFS (0 or 2)

Comment: TBD whether explicit or implicit indication

	M-PDCCH Repetitions
	N/A
	FFS (0 or 2)

Comment: TBD whether explicit or implicit indication

	RB assignment 
	5-13
	0-4 + 5
Comment: Narrowband indication: 0-4 bits for 1.4-20 MHz – 
RB indication within narrowband: 5, same as legacy

	FH Flag
	1
	1
Comment: TBD whether FH is dynamic or by RRC

	MCS and RV
	5
	5

	NDI
	1
	1 

	TPC Command
	2
	2 

	CS and OCC Index 
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	3
	0

Comment: No MU-MIMO, no PHICH for LC UEs

	CSI Request
	1
	1

	SRS Request
	1
	1

	UL Index (UL DAI)
	0 (FDD) or 2 (TDD)
	0 (FDD) or 2 (TDD)

	Padding Bits 
	BW-dependent
	FFS

	CRC
	16
	16

	TOTAL (10 MHz)
	43 (FDD), 46 (TDD)
	~36 (FDD), ~38 (TDD)


With reference to 10 MHz UL system BW, savings in DCI format bit for DCI Format 0M relative to DCI format 0 can be obtained from eliminating the CS and OCC index field (3 bits), and from a reduced number of bits for RB assignment (3 bits). The total is 6 bits (assuming the FH flag field is maintained – the additional 1-2 bits in Table 1 for DCI format 0 at 10 MHz are due to padding). These savings may be offset by the potential additional fields for indicating the number of PUSCH repetitions and the number of M-PDCCH repetitions for DCI format 0M. Nevertheless, as previously discussed, these numbers may be implicitly indicated by exploiting the ability to reduce the CRC length. Therefore, the size reduction of DCI Format 0M relative to DCI Format 0 can be ~15%. 
Table 2 presents the fields of the Rel-12 DCI Format 1A and considers fields that can be either eliminated or reduced in size for a DL DCI format (DCI Format 1M) for Rel-13 low cost UEs in normal coverage or small coverage extension.
Table 2: DCI Format 1M comparison to DCI Format 1A (Normal Coverage or Small CE)
	DCI Field
	DCI Format 1A Bits
	DCI Format 1M Bits

	Differentiation Flag 
	1
	1

Comment: DL DCI format size = UL DCI format size

	PDSCH Repetitions
	N/A
	FFS (0 or 2)

Comment: TBD whether explicit or implicit indication

	M-PDCCH Repetitions
	N/A
	FFS (0 or 2)

Comment: TBD whether explicit or implicit indication

	RB assignment 
	5-13
	0-4 + 5

Comment: Narrowband indication: 0-4 bits for 1.4-20 MHz – 

RB indication within narrowband: 5, same as legacy

	Distributed/Localized Flag
	1
	1

Comment: TBD whether D/L is dynamic or by RRC

	MCS
	5
	5

	NDI
	1
	1

	RV
	2
	2
Comment: TBD whether chase combining configuration

	HARQ Process Number
	3 (FDD) or 4 (TDD)
	3 (FDD) or 4 (TDD)
(Comment: RAN1#82 agreement)

	TPC Command
	2
	2

	SRS Request
	1
	1 
(Comment: Consider removing to reduce DCI format size)

	DL Assignment Index
	0 (FDD) or 2 (TDD)
	0 (FDD) or 2 (TDD)

	HARQ-ACK Resource Offset
	2
	2
(Comment: TBD if different PUCCH resource derivation)

	Padding Bits 
	0 (FDD) or 0 (TDD)
	FFS

	CRC
	16
	16

	TOTAL (10 MHz)
	43 (FDD), 46 (TDD)
	~42 (FDD), ~45 (TDD)


With reference to 10 MHz DL system BW, savings in DCI format bit for DCI Format 1M relative to DCI format 1A can be obtained from a reduced number of bits for RB assignment (3 bits). As for DCI Format 0M, these savings may be offset by the potential additional fields for indicating the number of PUSCH repetitions and the number of M-PDCCH repetitions for DCI format 0M but again, as previously discussed, these numbers may be implicitly indicated by exploiting the ability to reduce the CRC length.

One observation regarding DCI Format 0M and DCI Format 1M is that the respective difference in size is 6 bits which is somewhat large (~15% of DCI Format 0M). One approach is to have different sizes for DCI Format 0M and DCI Format 1M (this will also eliminate the 1 bit differentiation flag). Obviously, without scheduling restrictions, this doubles the number of blind decoding for a Rel-13 low cost UE. Another approach is to further reduce the size of fields for DCI Format 1M than indicated in Table 2. For example, the SRS request field can be eliminated as the benefit of aperiodic SRS triggered by DCI Format 1M is not significant. The RB assignment within a narrow-band can have a granularity larger than 1 RB as, unlike the UE, the eNB can more freely adjust a transmission power. Then, for a granularity of 2 RBs, 3 bits (instead of 5 bits) are needed. The HARQ-ACK resource offset may also be eliminated and multiplexing of PUCCH Format 1a transmissions from Rel-13 low cost UEs with PUCCH Format 1a/1b transmissions from legacy UEs can rely on the HARQ-ACK resource offset for legacy UEs (no impact/restriction in case of cross-subframe scheduling). In case multiple M-PDCCH PRB sets are configured, the semi-static PUCCH resource offset for the different M-PDCCH PRB sets can avoid collisions for PUCCH transmissions in response to DCI Format 1M detections in different M-PDCCH PRB sets. Additionally, chase combining can also be considered for unicast DL data especially as data TBs will typically not be large and/or the operating SINR will be low (due to 1 Rx). With combinations of the above savings, the size of DCI Format 1M can become about the same as the size of DCI Format 0M, achieve material size reductions, and avoid padding for DCI Format 0M.   

Observation 4: The size of DCI Format 1M can be materially larger than the size of DCI Format 0M.
Observation 5: To achieve similar/same size for DCI Format 1M and DCI Format 0M and avoid excessive padding, the SRS request field and the ARO fields can be removed, the DL resource granularity can increase, and chase combining may be considered for unicast DL data.
Proposal 1: Consider the DCI Format 0M and the DCI Format 1M, in Table 1 and Table 2 respectively, for Rel-13 low cost UEs receiving M-PDCCH without repetitions or with a small number of repetitions. 

For UEs operating in enhanced coverage, other than small enhanced coverage, significant simplifications can occur as described in Table 3 and Table 4 for a compact DCI format 0M (DCI Format 0MC) and for a compact DCI format 1M (DCI Format 1MC), respectively.

Table 3: DCI Format 0MC comparison to DCI Format 0 (Medium/Large Coverage)
	DCI Field
	DCI Format 0 Bits
	DCI Format 0M Bits

	Differentiation Flag 
	1
	1

Comment: DL DCI format size = UL DCI format size

	PUSCH Repetitions
	N/A
	FFS (0 or 2)

Comment: TBD whether explicit or implicit indication

	M-PDCCH Repetitions
	N/A
	FFS (0 or 2)

Comment: TBD whether explicit or implicit indication

	RB assignment 
	5-13
	0-4 + 3

Comment: Narrowband indication: 0-4 bits for 1.4-20 MHz, can be eliminated by RRV configuration - 

RB enumeration within narrowband: 3

	FH Flag
	1
	0
Comment: RRC configuration of FH

	MCS and RV
	5
	4
Comment: QPSK only

	NDI
	1
	1 

	TPC Command
	2
	0
Comment: Maximum Transmission Power for PUSCH

	CS and OCC Index 
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	3
	0

Comment: No MU-MIMO, no PHICH for LC UEs

	CSI Request
	1
	0

	SRS Request
	1
	0

	UL Index (UL DAI)
	0 (FDD) or 2 (TDD)
	0

	Padding Bits 
	BW-dependent
	FFS

	CRC
	16
	16

	TOTAL (10 MHz)
	43 (FDD), 46 (TDD)
	~28 (FDD), ~28 (TDD)


One observation from Table 3 is that DCI Format 0MC is about 40% smaller in size than DCI Format 0 (and about 25% smaller in size than DCI Format 0M). This reduction can increase to ~45% if the narrowband(s) are indicated by RRC since dynamic indication is of little/no benefit for UEs operating with large CE. Another observation is that with RRC configuration of the narrowband(s), there is little information in DCI Format 0MC (only the RB assignment in the narrowband(s), the MCS/RV, and the NDI). There is little practical benefit for dynamic indication of the MCS for UEs operating with large CE and RV cycling can apply during repetitions. This motivates use of UE-group scheduling for some UEs as discussed in [2]. 

From Table 4, it can be observed that the size of DCI Format 1MC is similar (2 bits smaller) to the size of DCI Format 0MC (note that although DCI format size of 26 bits is an ambiguous size for legacy UEs, this is not the case of M-PDCCH transmission with repetitions). To reduce or avoid a size difference between DCI Format 1MC and DCI Format 0MC, reducing the MCS field in DCI Format 0MC to 3 bits by not supporting 2 of the 10 QPSK entries or by restricting the range of the RB assignment can be considered. Other comments are similar as for DCI Format 0M.
Finally, discounting the small difference in TBCC gain between DCI payloads of 27 bits (DCI Formats 0MC/1MC) and 43 bits (DCI Formats 0/1A), the reduction in DCI payload for DCI Formats 0MC/1MC can provide a ~2 dB gain relative to DCI Formats 0/1A and this can result to ~50% less repetitions. 

Proposal 2: Consider the DCI Format 0MC and the DCI Format 1MC, in Table 3 and Table 4 respectively, for Rel-13 low cost UEs receiving M-PDCCH with a non-small number of repetitions. 

Table 4: DCI Format 1MC comparison to DCI Format 1A (Medium/Large Coverage)
	DCI Field
	DCI Format 1A Bits
	DCI Format 1M Bits

	Differentiation Flag 
	1
	1

Comment: DL DCI format size = UL DCI format size

	PDSCH Repetitions
	N/A
	FFS (0 or 2)

Comment: TBD whether explicit or implicit indication

	M-PDCCH Repetitions
	N/A
	FFS (0 or 2)

Comment: TBD whether explicit or implicit indication

	RB assignment 
	5-13
	0-4

Comment: Narrowband indication: 0-4 bits for 1.4-20 MHz, can be eliminated by RRV configuration - 

all RBs used within a narrowband

	Distributed/Localized Flag
	1
	0

Comment: TBD whether D/L is dynamic or by RRC

	MCS
	5
	4

Comment: QPSK only

	NDI
	1
	1

	RV
	2
	0

Comment: RV cycling for repetitions or chase combining

	HARQ Process Number
	3 (FDD) or 4 (TDD)
	0 (or 1)
Comment: 1 (or 2) HARQ processes suffice

	TPC Command
	2
	0

Comment: Maximum Transmission Power for PUCCH

	SRS Request
	1
	0 

	DL Assignment Index
	0 (FDD) or 2 (TDD)
	0

	HARQ-ACK Resource Offset
	2
	0

Comment: No multiplexing with legacy resources

	Padding Bits 
	0 (FDD) or 0 (TDD)
	FFS

	CRC
	16
	16

	TOTAL (10 MHz)
	43 (FDD), 46 (TDD)
	~26 (FDD), ~26 (TDD)


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 DCI Format 0M and the DCI Format 1M, in Table 1 and Table 2 respectively, for Rel-13 low cost UEs receiving M-PDCCH without repetitions or with a small number of repetitions. 

In addition, the following observations are made.

Observation 1: Unless the DL DCI format size is materially different than the UL DCI format size, the two DCI format types can have the same size (with padding, if needed) in order to minimize the number of blind decoding operations.

Observation 2: There is no need to have a design constraint that a DCI format for Rel-13 low cost UEs has a same size as an existing DCI format.

Observation 3: 2-4 bits of information in DCI formats for Rel-13 low cost UEs can be provided by CRC scrambling. 

Observation 4: The size of DCI Format 1M can be materially larger than the size of DCI Format 0M.
Observation 5: To achieve similar/same size for DCI Format 1M and DCI Format 0M and avoid excessive padding, the SRS request field and the ARO fields can be removed, the DL resource granularity can increase, and chase combining may be considered for unicast DL data.
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