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At previous RAN1 meetings, a number of agreements related to NB-IoT DCI design were reached. Moreover, the CR of TS 36.212 related to NB-IoT DCI format was approved by email discussion, and new DCI formats N0, N1 and N2 are supported for NB-IoT [1].
In this contribution, summarizations of the DCI designs are provided to facilitate the further specification progress. The remaining issues for the DCI design are discussed also. 
DCI format N0
In [1], the following fields of DCI format N0 were agreed:
- Flag for format N0/format N1 differentiation – 1 bit, where value 0 indicates format N0 and value 1 indicates format N1
- Subcarrier indication – [x] bits
- Resource assignment – [x] bits
- Scheduling delay – [x] bits
- Modulation and coding scheme and redundancy version – [x] bits 
- Repetition number – [x] bits 
- New data indicator – 1 bit
- DCI subframe repetition number – [x] bits
[New field(s) can be added if needed] 
In the following, the field sizes for DCI format N0 are discussed. 
· Subcarrier indication: 6 bits
In total 6 bits are required to indicate the subcarrier(s) allocated for the NB-PUSCH transmission according to the following agreements made at RAN1 NB-IoT Adhoc #2 meeting:
Agreements:
· 5 bits in UL grant are used to jointly indicate the subcarrier number and starting subcarrier for NB-PUSCH transmission with 15 kHz subcarrier spacing. The total number of valid NB-PUSCH allocations for {12, 6, 3, 1} tone transmission formats and 15 kHz numerology is the sum of
1. One allocation of all 12 tones: {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}
2. Two non-overlapping allocations of 6 tones: {0, 1, 2, 3, 4, 5} and {6, 7, 8, 9, 10, 11}
3. Four non-overlapping allocations of 3 tones: {0, 1, 2}, {3, 4, 5}, {6, 7, 8} and {9, 10, 11}
4. Twelve non-overlapping single-tone allocations: {0}, {1}, {2}, {3}, {4}, {5}, {6}, {7}, {8}, {9}, {10}, {11} and {12}
· 6 bits in UL grant are used to indicate the subcarrier index for NB-PUSCH transmission with 3.75 kHz subcarrier spacing (48 non-overlapping single-tone allocations).
As DCI format N1 and DCI format N0 need to be size matched, it is expected to keep the size of DCI format N0 constant so that the UEs do not have to test hypotheses on DCI payload size to get the scheduling information for RAR. One easy way in line with the agreement is to always set this DCI field size to 6 bits but 5 bits are used when 15kHz subcarrier spacing is configured.
· Resource assignment: 3 bits
The resource assignment is used to indicate the TTI bundling size of NB-PUSCH transmission. The following agreement was made with respect to the resource assignment of NB-PUSCH:
· NPRB is 3 bits indication in DCI. NPRB indicates the number of resource unit  
· Scheduling delay: 2 bits
2 bits are required to indicate the scheduling delay of NB-PUSCH according to the following agreement:
Agreement: DCI content: 
· Scheduling delay between end of NB-PDCCH transmission and start of data transmission:
· 2 bits for NB-PUSCH
Specifically, the set of delay values could be determined according to 

where the unit of the delay value is millisecond, is the maximum repetition number of NB-PDCCH configured for the UE,  is the maximum repetition number of NB-PUSCH and is the size of UL resource unit.
This kind of design allows the scheduling delay to be adapted based on the coverage level and the amount of delay values to be constant. 
· Modulation and coding scheme: 4 bits
4 bits are required to indicate the MCS configured to NB-PUSCH according to the following agreement:
· ITBS is 4 bits indication in DCI
· Redundancy version: 1 bits
According to the agreement in the following, the redundancy version is separately indicated.
· For multi-tone and single-tone,
· RV0 or RV2 is separately indicated by 1 bit DCI. RV2 is supported in all ITBS
· Repetition number: 3 bits
No agreement is available yet regarding the number of bits required in DCI to indicate the number of repetitions for NB-PUSCH. According to the design in our companion paper [2], three bits are used to indicate the number of repetitions of NB-PUSCH transmission among {1, 2, 4, 8, 16, 32, 64, 128}. The maximum number of repetitions is chosen to meet the coverage requirement with sufficient margin.
· DCI subframe repetition number: 2 bits
DCI format N0 will not be used for paging, so 2 bits are required to indicate the number of repetitions of NB-PDCCH according to the following agreement:
· Number of repetitions of NB-PDCCH:
· 2 bits (except for CSS for paging)
No additional field other than those listed in [1] for DCI format N0 is necessary.
DCI format N1
DCI format N1 for NB-PDSCH scheduling
In [1], the following fields of DCI format N1 were agreed:
- Flag for format N0/format N1 differentiation – 1 bit, where value 0 indicates format N0 and value 1 indicates format N1
- Scheduling delay – [x]
- Resource assignment – [x] bits
- Modulation and coding scheme – [x]
- Repetition number – [x] bits
- New data indicator – 1 bit
- HARQ-ACK resource – [x] bits. 
- DCI subframe repetition number – [x]
When the format N1 CRC is scrambled with a RA-RNTI, then the following field among the fields above is reserved:
- New data indicator
- HARQ-ACK resource
[New field(s) can be added if needed]
In the following, the field sizes for DCI format N1 are discussed. 
· Scheduling delay: 3 bits
3 bits are required to indicate the scheduling delay for NB-PDSCH according to the following agreement:
Agreement: DCI content: 
· Scheduling delay between end of NB-PDCCH transmission and start of data transmission:
· 3 bits for NB-PDSCH (except for CSS for paging)
Similarly to format N0, the set of delay values could be determined according to 

where the unit of the delay value is millisecond, is the maximum repetition number of NB-PDCCH configured for the UE.
The difference from the scheduling delay design for format N0 is due to that subframe is always assumed as the resource unit for DL and different numbers of repetitions are required by DL and UL to achieve the same coverage. 
· Resource assignment: 3 bits
3 bits are required to indicate the TTI bundling size of NB-PDSCH transmission according to the following agreements: 
Agreements:
· CW for NB-PDSCH can be mapped to multiple subframes
· 8 numbers of subframes 
· Supported number of subframes includes at least 1, 2, 4, 8 (Maximum value is less than or equal to 10)
· MCS/TBS definitions
· Separate indication of and NPRB and ITBS with 3-bit NPRB sizes and 4-bit ITBS and total 7 bits indication
· Modulation and coding scheme: 4 bits
4 bits are required to indicate the MCS configured to NB-PDSCH according to the following agreement:
· MCS/TBS definitions
· Separate indication of and NPRB and ITBS with 3-bit NPRB sizes and 4-bit ITBS and total 7 bits indication
· Repetition number: 4 bits
No agreement is available yet regarding the number of bits required in DCI to indicate the number of repetitions for NB-PDSCH. According to the design in our previous contribution [3], four bits are used to indicate the number of repetitions of NB-PDSCH transmission among {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}. The maximum number of repetitions is chosen to meet the coverage requirement with sufficient margin even in the transmit power limited scenario. 
· HARQ-ACK resource: 4 bits
No agreement is available yet regarding how to indicate the HARQ-ACK resource by DCI. According to the design in our companion contribution [4], 4 bits are signaled by DCI to jointly indicate the time-frequency domain HARQ-ACK resource allowing somewhat scheduling flexibility with limited overhead.
· DCI subframe repetition number: 2 bits
DCI format N1 will not be used for paging, so 2 bits are required to indicate the number of repetitions of NB-PDCCH according to the following agreement:
· Number of repetitions of NB-PDCCH:
· 2 bits (except for CSS for paging)
No additional field other than those listed in [1] for DCI format N1 is necessary.

DCI format N1 for NB-PDCCH order
It has been agreed in RAN2 that NB-PDCCH order is supported for DL data arrival [6]. 
	Agreements:
· Only Contention based RACH is supported in NB-IoT. We may revisit this if contention free RACH is found needed for positioning. 
· RAN2 assumes that PDCCH order is supported for DL data arrival (and the agreement above is applicable)
At the RAN1 NB-IoT Adhoc#2 meeting, the following agreement was made 
· PDCCH order is always received in the UE-specific SS
Since it is agreed in RAN2 that only contention based random access is supported, there is no need to specify an independent dedicated NB-PRACH resource in DCI for NB-PDCCH order. To support the NB-PDCCH order, all the bits in DCI format N1 can be set to ‘0’ to indicate the trigger of a new random access.
DCI format N2
In [1], DCI format N2 is used for paging and direct indication, and the following fields were included in the DCI format N2:
Flag for paging/direct indication differentiation – 1 bit, with value 0 for direct indication and value 1 for paging
If Flag=0: 
- Direct Indication information – [x] bits provide direct indication of system information update and other fields 
- Reserved information bits are added until the size is equal to that of format N2 with Flag=1
If Flag=1:
- Resource block assignment – as described in format N1. 
- Modulation and coding scheme – as described in format N1. 
- Repetition number – [x] bits
- DCI subframe repetition number – [x] bits
 [New field(s) can be added if needed] 
At RAN1 NB-IoT Adhoc #2 meeting, the following agreement was made with respect to direct indication:
· System information change
· Agree DCI format N2 for the flag = 0 case in R1-161561 (Latest 36.212 CR)
· FFS: details on flag = 1 case
A draft LS to RAN2 will also be prepared taking into account the direct indication bitmap field in RAN2 specs [5]. Here we summarize the details of the flag = 1 case.
· Scheduling delay: 0 bits
This field is absent for paging according to the following agreement:
· DCI content: 
· Scheduling delay between end of NB-PDCCH transmission and start of data transmission:
· 0 bits for paging
· Resource assignment: 3 bits
The same design as NB-PDSCH should be followed by paging transmission.
· Modulation and coding scheme: 4 bits
The same design as NB-PDSCH should be followed by paging transmission. 
· Repetition number: 4 bits
The same design as NB-PDSCH should be followed by paging transmission.
· DCI subframe repetition number: 3 bits
3 bits are required to indicate the number of repetitions of NB-PDCCH for paging according to the following agreement:
· DCI content: 
· Number of repetitions of NB-PDCCH:
· 3 bits for CSS for paging
Fields other than these fields contained in format N1 are not needed for paging transmission.
Conclusions 
In this contribution, the contents for NB-IoT DCI are discussed. The summary is provided in Table 1, Table 2 and Table 3 below respectively for DCI format N0, N1 and N2. The following proposals are made: 
Proposal 1: DCI format N0, N1 and N2 are specified according to Table 1, Table 2 and Table 3, where the open fields are addressed in addition to the existing agreed ones.
Proposal 2: All field bits in DCI format N1 are set to ‘0’ for NB-PDCCH order indication.
[bookmark: _Ref447113344]Table 1. DCI format N0
	Field
	Size

	Flag for format N0/format N1 differentiation
	1 bit (agreed)

	Subcarrier indication
	6 bits (agreed)

	Resource assignment
	3 bits (agreed)

	Scheduling delay
	2 bits (agreed)

	Modulation and coding scheme
	4 bits (agreed)

	Redundancy version
	1 bit (agreed)

	New data indicator
	1 bit (agreed)

	DCI subframe repetition number
	2 bits (agreed)

	Repetition number
	3 bits (open)

	Sum
	23 bits



[bookmark: _Ref447113346]Table 2. DCI format N1
	Field
	Size

	Flag for format N0/format N1 differentiation
	1 bit (agreed)

	Scheduling delay
	3 bits (agreed)

	Resource assignment
	3 bits (agreed)

	Modulation and coding scheme
	4 bits (agreed)

	DCI subframe repetition number
	2 bits (agreed)

	New data indicator
	1 bit (agreed)

	Repetition number
	4 bits (open)

	HARQ-ACK resource
	4 bits (open)

	Sum
	22 bits



[bookmark: _Ref447113348]Table 3. DCI format N2
	Paging
	Direct Indication

	Field
	Size
	Field
	Size

	Flag for paging/direct indication differentiation
	1 bit (agreed)
	Flag for paging/direct indication differentiation
	1 bit (agreed)

	Resource assignment
	3 bits (agreed)
	Direct Indication information
	Up to RAN2

	Modulation and coding scheme
	4 bits (agreed)
	Reserved information bits
	Bits are added until the size is equal to that of format N2 with Flag=1

	DCI subframe repetition number
	2 bits (agreed)
	
	

	Repetition number
	4 bits (open)
	
	

	Sum
	14 bits
	Sum
	14 bits
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