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Introduction
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]In RAN 1#84 meeting, the following agreements were made: 
Agreements:
· DL and UL scheduling delays are indicated in DCI
· [bookmark: _GoBack]number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 
· FFS the number of values and the sets of values
……
· Sub-PRB allocations of the NB-PDSCH are not supported
…….
· The UL grant for both Msg3 and PUSCH indicates the subcarrier(s) to be used 
· Subcarrier spacing is indicated:
· For Msg3:
· in RAR 
· Subsequent NB-PUSCH transmissions:
· Follow RAR always

In this paper, DCI formats for both NB-PUSCH and NB-PDSCH are discussed. In addition, uplink grant in RAR is also discussed. 
DCI format design
Based on the discussion in [1]-[4], Table 1 summary DCI format design for NB-PUSCH and NB-PDSCH. The following subsections further explain for each DCI field respectively.
Considering NB-IoT traffic type and low cost UE, TPC command and CSI request in DCI do not need to be supported. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: Define two DCI formats with 34 bits as Table 1 for NB-PUSCH and NB-PDSCH. 
[bookmark: _Ref445887984][bookmark: _Ref445887979]Table 1: DCI format design for uplink and downlink
	Field 
	UL
	DL

	CRC
	16 bit 
	16 bit 

	UL/DL differentiation flag
	1 bit  
	1 bit  

	Subcarrier indication 
	4 bit for 15kHz
	5 bit for 3.75kHz
	-

	Resource assignment for one TB
	3 bit 
	3 bit

	Scheduling delay  
	3 bit
	4 bit

	MCS 
	3 bit for 15kHz
	2 bit for 3.75kHz
	3 bit

	Repetition number
	2 bit  
	2 bit

	RV
	1 bit  
	-

	New data indicator 
	1 bit 
	1 bit 

	HARQ-ACK Resource
	-
	4 bit

	Total 
	34bit  
	34 bit  



DCI format N0 for NB-PUSCH
- Flag for format N0/format N1 differentiation – 1 bit, where value 0 indicates format N0 and value 1 indicates format N1
- Subcarrier indication – 4 bit for 15kHz and 5 bit for 3.75kHz. 
· For 15kHz, Table 3 in appendix is used where k is configured by RRC signalling.
· For 3.75kHz, subcarrier location is the index of 5-bit field + k, where k is configured by RRC signalling.
- Resource assignment – 3 bits indicate up to 8 resource units.
- Scheduling delay – 3 bits indicate the gap between the end subframe of NB-PDCCH search space and the starting subframe of NB-PUSCH. Each value indicates a gap of
.
- Modulation and coding scheme and redundancy version – 3 bits for 15kHz as Table 4 for multi-tone and Table 5 for single tone; 2 bits for 3.75kHz as Table 6.
- Repetition number – 2 bits with the repetition number configured by RRC signalling.
- Redundancy version – 1 bit to indicate legacy redundancy version 0 and 2
- New data indicator – 1 bit 
DCI format N1 for NB-PDSCH
- Flag for format N0/format N1 differentiation – 1 bit, where value 0 indicates format N0 and value 1 indicates format N1
- Resource assignment – 3 bits indicate up to 8 resource unit.
- Scheduling delay – 4 bits indicate the gap between the starting subframe of NB-PDCCH search space and the starting subframe of NB-PDSCH. Each value indicates a gap of
.
- Modulation and coding scheme and redundancy version – 3 bits as Table 7.
- Repetition number – 2 bits with the repetition number configured by RRC signalling.
- New data indicator – 1 bit 
- HARQ-ACK resource – 4 bit 
· 2 bit to indicate the subcarrier offset to per-determined resource or a subcarrier configured by RRC signalling 
· 2 bit to indicate time domain gap between the end of subframe of NB-PDSCH and the starting subframe of NB-PUCCH 
Uplink grant in RAR
It is agreed that “The UL grant for both Msg3 and PUSCH indicates the subcarrier(s) to be used”, and subcarrier spacing for Msg 3 is indicated in RAR. Table 2 summaries the field of uplink grant in RAR for Msg 3. 
- Subcarrier spacing – 1 bit to indicate 3.75kHz or 15kHz.
- Subcarrier indication – 4 bit for 15kHz and 5 bit for 3.75kHz. 
· For 15kHz, Table 3 in appendix is used where k is configured by RRC signalling.
· For 3.75kHz, subcarrier location is the index of this 5-bit field + k, where k is configured by RRC signalling.
- Resource assignment – 3 bits indicate up to 8 resource unit.
- Scheduling delay – 3 bits indicate a gap k , where if the end subframe of NB-PDSCH carrying RAR is n, then the starting subframe of NB-PUSCH carrying Msg 3 is n + k +6.  
- Modulation and coding scheme and redundancy version – 3 bits for 15kHz as Table 4 for multi-tone and Table 5 for single tone; 2 bits for 3.75kHz as Table 6.
- Repetition number – 2 bits with the repetition number configured by RRC signalling.
- TPC command for scheduled NB-PUSCH – 3 bits as LTE.
NOTE: if TPC command is needed in RAR can be further studied.
[bookmark: _Ref445888199]Proposal 2: Consider adopting the uplink grant design as Table 2 in RAR for NB-PUSCH transmission carrying Msg 3. 
[bookmark: _Ref445915147]Table 2 Uplink grant in RAR
	Field 
	UL grant for RAR

	Subcarrier spacing
	1 bit

	Subcarrier indication
	4 bit for 15kHz
	5 bit for 3.75kHz

	Resource assignment for one TB
	3 bit 

	Scheduling delay  
	3 bit

	MCS
	3 bit for 15kHz
	2 bit for 3.75kHz

	Repetition number
	2 bit  

	[TPC command for scheduled NB-PUSCH ]
	[3 bit]

	reserved
	1 bit

	Total 
	20 bit  


[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Conclusion
In this contribution, we summarized DCI format design for both NB-PDSCH and NB-PUSCH, as well as uplink grant design in RAR for Msg 3. We proposed: 
Proposal 1: Define two DCI formats with 34 bits as Table 1 for NB-PUSCH and NB-PDSCH. 
Proposal 2: Consider adopting the uplink grant design as Table 2 in RAR for NB-PUSCH transmission carrying Msg 3. 
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Appendix
[bookmark: _Ref445888211]Table 3 Subcarrier indication for 15kHz
	Index
	Subcarrier index
	Subcarrier number

	0
	k
	1

	1
	k +1
	1

	2
	k +2
	1

	3
	k +3
	1

	4
	k +4
	1

	5
	k +5
	1

	6
	k +6
	1

	7
	k +7
	1

	8
	k +8
	1

	9
	0, 1, 2
	3

	10
	3, 4, 5
	3

	11
	6, 7, 8
	3

	12
	9, 10, 11
	3

	13
	0, 1, 2, 3, 4, 5
	6

	14
	6, 7, 8, 9, 10, 11
	6

	15
	0, 1, 2, …, 11
	12



[bookmark: _Ref445884633]Table 4 NB-IoT uplink MCS table for multi-tone transmission
	MCS Index
	Modulation
	TBS Index

	0
	pi/4-QPSK
	0

	1
	pi/4-QPSK
	1

	2
	pi/4-QPSK
	2

	3
	pi/4-QPSK
	3

	4
	pi/4-QPSK
	4

	5
	pi/4-QPSK
	5

	6
	pi/4-QPSK
	6

	7
	pi/4-QPSK
	7



[bookmark: _Ref445884702]Table 5 NB-IoT uplink MCS table for single tone transmission with 15kHz-subcarrier spacing
	MCS Index
	Modulation
	TBS Index

	0
	pi/2-BPSK
	0

	1
	pi/4-QPSK
	1

	2
	pi/4-QPSK
	2

	3
	pi/4-QPSK
	3

	4
	pi/4-QPSK
	4

	5
	pi/4-QPSK
	5


[bookmark: _Ref445888412]Table 6 NB-IoT uplink MCS table for single tone transmission with 3.75kHz-subcarrier spacing
	MCS Index
	Modulation
	TBS Index

	0
	pi/2-BPSK
	0

	1
	pi/4-QPSK
	1

	2
	pi/4-QPSK
	2

	3
	pi/4-QPSK
	3


[bookmark: _Ref445888652]Table 7 NB-IoT downlink MCS table
	MCS Index
	Modulation
	TBS Index

	0
	QPSK
	0

	1
	QPSK
	1

	2
	QPSK
	2

	3
	QPSK
	3

	4
	QPSK
	4

	5
	QPSK
	5

	6
	QPSK
	6

	7
	QPSK
	7
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