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1 Introduction

In RAN1#82bis, two types of DCI formats were agreed; one for no/small coverage enhancement (CE), M0A and M1A for UL and DL unicast scheduling, respectively, and another for moderate/large CE, M0B and M1B for UL and DL unicast scheduling, respectively. M0A and M1A have the same size and M0B and M1B have the same size. The contents of the DCI formats were briefly discussed, a WF was submitted in [1], and subsequent email discussions followed under [82b-03] to also include RAR and paging.

This contribution summarizes the contents of the DCI formats – detailed discussion was provided in [2].
2 DCI Formats
2.1 DCI Formats for Unicast PDSCH/PUSCH
The contents of DCI formats M0A and M0B for PUSCH scheduling are provided in Table 1.
Table 1: Contents of DCI Formats M0A and M0B 
	DCI Field
	Number of Bits M0A
	Number of Bits M0B
	Comments

	UL/DL Flag 
	1
	1
	Differentiate M0A/M0B from M1A/M1B

	PUSCH Repetitions
	2
	2
	UE is configured a range of repetition numbers - 2-bit states correspond to 3 dB steps ( 2 bits provide a dynamic range of 9 dB for a CE level

	M-PDCCH Repetitions
	2
	2
	Same as above

	Narrowband index
	ceil(log2(#NBs))
	ceil(log2(#NBs))
	NB indication 

	PRB assignment
	5
	3
	PUSCH transmission in 1 RB for M0B

	FH Flag
	0
	0
	Semi-static configuration

	MCS and RV
	5
	3
	For M0B, no QAM16, RV cycling

	NDI
	1
	1
	

	TPC Command
	2
	0
	Maximum Tx power for PUSCH for M0B 

	CS and OCC Index 
	0
	0
	No PHICH, no MU-MIMO over few RBs

	CSI Request
	1
	0
	No CSI support for M0B

	SRS Request
	0
	0
	No A-SRS support 

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

	Padding Bits 
	TBD
	TBD
	

	CRC/C-RNTI
	16
	16
	

	TOTAL (10 MHz)
	38 (FDD), 40 (TDD)
	31 
	Before any padding


The contents of DCI formats M1A and M1B for PUSCH scheduling are provided in Table 2.

Table 2: Contents of DCI Formats M1A and M1B 
	DCI Field
	Number of Bits M1A
	Number of Bits M1B
	Comments

	UL/DL Flag 
	1
	1
	Differentiate M0A/M0B from M1A/M1B

	PDSCH Repetitions
	2
	2
	UE is configured a range of repetition numbers - 2-bit states correspond to 3 dB steps ( 2 bits provide a dynamic range of 9 dB for a CE level

	M-PDCCH Repetitions
	2
	2
	Same as above

	Narrowband index
	ceil(log2(#NBs))
	ceil(log2(#NBs))
	NB indication 

	PRB assignment
	5
	0
	All RBs in an NB for large CE

	Distributed/Localized Flag
	0
	0
	Semi-static configuration

	MCS
	4
	3
	No QAM64, only QPSK for M1B

	RV
	2
	0
	RV cycling for M1B

	NDI
	1
	1
	

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

	TPC Command 
	2
	0
	Maximum Tx power for PUCCH for M1B

	SRS Request
	0
	0
	No A-SRS support 

	A/N Resource Offset
	2
	0
	No need of ARO for M1B [3]

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

	Padding Bits 
	TBD
	TBD
	

	CRC/C-RNTI
	16
	16
	

	TOTAL (10 MHz)
	43 (FDD), 46 (TDD)
	29
	Before any padding


DCI Format M1A is 5/6 bits larger (FDD/TDD) than DCI Format M0A (i.e. ~12% larger) and that DCI Format M0B is 2 bits larger than DCI Format M1B (i.e. ~6.7% larger). The legacy approach (for DCI Formats 0 and 1A) is to add padding bits (can provide a minor benefit of verification against false CRC check). Another approach is to reduce the size of fields for DCI Formats M1A and M0B. For M1A, the RB assignment within a NB can have a granularity of 2 RBs and then 3 bits (instead of 5 bits) are needed. For M0B, some restrictions on the RB assignment within a NB are possible but the required padding is also small and the trade-off from optimizations is not important. 
Proposal 1: Consider the contents of DCI Formats in Table 1 and Table 2 for unicast PUSCH and PDSCH scheduling, respectively. Consider allocation granularity of 2 RBs for DCI Format M1A. 

2.2 DCI Format for Scheduling RAR
The contents of the DCI format scheduling RAR MAC PDU are provided in Table 3. DCI Format M1B can be re-used.
Table 3: Contents of DCI Format M1B Scheduling RAR MAC PDU for all CEs 
	DCI Field
	Number of Bits 
	Comments

	UL/DL Flag 
	1
	DL DCI with RA-RNTI for RAR MAC PDU

	PDSCH/RAR Repetitions
	2
	Repetition numbers indicated by SIBbis for respective PRACH

	M-PDCCH Repetitions
	2
	Repetition numbers indicated by SIBbis for respective PRACH

	Narrowband index
	ceil(log2(#NBs))
	

	PRB assignment
	0
	Use all PRBs needed even for single RAR [4] 

	Distributed/Localized Flag
	0
	Semi-static configuration

	MCS
	3
	QPSK only

	RV
	0
	N/A

	NDI
	Reserved
	

	HARQ Process Number
	Reserved
	

	TPC Command 
	0
	N/A

	SRS Request
	0
	N/A

	A/N Resource Offset
	0
	N/A

	DL Assignment Index
	0
	Reserved – N/A

	Padding Bits 
	TBD
	

	CRC/RA-RNTI
	16
	

	TOTAL (10 MHz)
	29
	Before any padding


Proposal 2: Consider the contents of the DCI format in Table 3 for scheduling RAR MAC PDU.
2.3 UL Grant in RAR for Msg3
The contents of the UL grant for Msg3 are provided in Table 4.
Table 4: Contents of UL grant for Msg3 for no/small CE and large CE 
	RAR message field
	Number of bits No/small CE
	Number of bits Large CE
	Comments

	PUSCH Repetitions
	2
	2
	Same as for DCI Formats M0A/M0B

	Hopping flag
	0
	0
	Semi-static configuration

	Narrowband index
	ceil(log2(#NBs))
	ceil(log2(#NBs))
	NB indication

	PRB assignment
	5
	3
	Msg3 transmission in 1 RB for large CE

	MCS
	4
	3
	No QAM64, only QPSK for large CE

	TPC command
	3
	0
	Maximum Msg3 Tx power for large CE

	UL delay
	1
	0
	UL delay should be kept for normal/small CE 
No UL delay for large CE

	CSI-request
	1
	0
	No CSI for large CE

	TOTAL (20 MHz)
	20
	12
	


For no/small CE, the legacy UL grant is essentially re-used and the size of 20 bits is maintained at 20 MHz (savings of 2 bits from the hopping flag field and the resource allocation field can be used for the 2-bit field indicating the number of PUSCH repetitions). Although it can be considered to remove the UL delay field and possibly the CSI-request field, it is unclear whether there is another more beneficial functionality for the respective 2 bits. For large CE, there is (at least) an 8-bit reduction that is consistent with the octet-based MAC RAR alignment and can provide significant reduction in the required number of RAR repetitions that can exceed 50% if the TC-RNTI is implicitly provided [5]. As the UE selects the RA preamble (from ‘Group A’ or ‘Group B’) depending on the Msg3 size, a SIBbis should provide a link for the possible repetition numbers of Msg3 transmission according to RA preamble group. 
Proposal 3: Consider the contents of the DCI format in Table 4 for scheduling Msg3 through RAR.
2.4 DCI Format for M-PDCCH Order
The DCI contents for M-PDCCH order are provided in Table 5. All remaining bits (to match the size of DCI Format M1A or DCI Format M1B) are set to 0 as in legacy operation [6].
Table 5: Contents of DCI Format for M-PDCCH order
	DCI Field
	Number of Bits  - CE Mode A
	Number of Bits – CE Mode B

	UL/DL Flag
	1
	1

	M-PDCCH Repetitions
	2
	2

	RA Preamble Index
	6
	6

	PRACH Mask Index
	4
	4

	Remaining Bits Set to 0
	14 or 17
	0

	Padding Bits
	0
	2

	CRC/C-RNTI
	16
	16

	TOTAL (10 MHz)
	43 (FDD), 46 (TDD)
	31


Proposal 4: Consider the contents of the DCI format in Table 5 for PDCCH order.
2.5 DCI Format for Paging
The contents of the DCI Format for paging are provided in Table 6 and can be based on DCI Format M1B.
Table 6: Contents of DCI Format M1B Scheduling Paging
	DCI Field
	Number of bits 
	Comments

	S_flag
	1
	

	PDSCH Repetitions
	3
	

	Narrowband index
	ceil(log2(#NBs))
	NB indication

	PRB assignment
	0
	All RBs in an NB for large CE

	MCS
	3
	QPSK only for large CE

	CRC/P-RNTI
	16
	

	TOTAL (20 MHz)
	27
	


Proposal 5: Consider the contents of the DCI format in Table 6 for scheduling paging.
3 Conclusions

This contribution considered DCI contents for Rel-13 low cost UEs. In particular, the following are proposed.
Proposal 1: Consider the contents of DCI Formats in Table 1 and Table 2 for unicast PUSCH and PDSCH scheduling, respectively. Consider allocation granularity of 2 RBs for DCI Format M1A. 

Proposal 2: Consider the contents of the DCI format in Table 3 for scheduling RAR MAC PDU.
Proposal 3: Consider the contents of the DCI format in Table 4 for scheduling Msg3 through RAR.
Proposal 4: Consider the contents of the DCI format in Table 5 for PDCCH order.
Proposal 5: Consider the contents of the DCI format in Table 6 for scheduling paging.
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