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1 Introduction

At previous RAN1 NB-IoT Ad-Hoc and RAN1 #84 meetings, the following 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].
Agreements:
· The same DCI size for DL and UL is targeted for all operation modes and all coverage cases

Agreement: 

· DL and UL scheduling delays are indicated in DCI

· 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. 
Agreement:

· CSS is defined for RAR (as well as paging)

· UE is not required to simultaneously monitor NB-PDCCH USS and CSS
In this contribution, some further considerations on the DCI formats and contents for NB-IoT are discussed, and corresponding proposals to guide the design of NB-IoT DCI are given.

2 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, our further considerations on the remaining bit number of agreed fields of DCI format N0 are provided. 
· Subcarrier indication: 5 bits
The subcarrier indication can be separately indicated or jointly indicated with fields, such as resource assignment and scheduling delay. If joint indication is applied, there will be significant combination methods. Considering simple standardization work, separate subcarrier indication is preferred.
If subcarrier spacing for UL transmission is 15 kHz, the number of allocated subcarriers can be chosen from {1, 3, 6, 12}. The table below gives an example for 5 bits to indicate subcarrier allocation.
Table 1: Subcarrier allocation, 15 KHz subcarrier

	Index
	Allocated subcarrier(s)

	0
	0

	1
	1

	2
	2

	3
	3

	4
	4

	5
	5

	6
	6

	7
	7

	8
	8

	9
	9

	10
	10

	11
	11

	12
	0,1,2

	13
	1,2,3

	14
	2,3,4

	15
	3,4,5

	16
	4,5,6

	17
	5,6,7

	18
	6,7,8

	19
	7,8,9

	20
	8,9,10

	21
	9,10,11

	22
	0,1,2,3,4,5

	23
	1,2,3,4,5,6

	24
	2,3,4,5,6,7

	25
	3,4,5,6,7,8

	26
	4,5,6,7,8,9

	27
	5,6,7,8,9,10

	28
	6,7,8,9,10,11

	29
	0,1,2,3,4,5,6,7,8,9,10,11

	30~31
	reserved


If the subcarrier spacing is 3.75 kHz, only one subcarrier of all the 48 subcarriers can be allocated. Thus, no more than 6 bits are needed to indicate the allocated subcarrier. To mitigate the impact of 3.75 kHz subcarrier on the UL transmission of 15 kHz subcarrier, some subcarriers can be reserved as guard subcarriers (e.g., within one RB, eight subcarriers at each side can be reserved). Thus, 5 bits can be used to indicate the central available subcarriers.
· Resource assignment: 4 bits
The resource assignment is used to indicate the TTI bundling size of NB-PUSCH transmission. To take the resource unit as the unit of resource assignment in time domain, type 2 resource allocation can be adopted for the resource assignment. As analyzed in our companion contribution [2], 4 bits resource assignment are preferred to support NB-PUSCH transmission with large TBS and map NB-PUSCH across multiple resource units to maintain low code rate. Further, in our another companion contribution, optimization on NB-PUSCH resource allocation is discussed [3].
· Scheduling delay: 3 bits
For the field of scheduling delay, 2 bits can indicate the coarse delay among {8, 16, 32, 64 resource units}, and 1 bit further indicates additional offset between 0 or 4 resource units. Further, in our companion contribution, optimization on scheduling delay is discussed [3].
· Modulation and coding scheme and redundancy version: 3 bits
Adaptive HARQ for turbo code means that there is some ability to signal RV and resources for the retransmission. As discussed in our companion contribution of NB-PUSCH, 3 bits should be used to indicate the MCS and redundancy version [2].
· Repetition number: 3 bits

Three bits can be used to indicate the number of repetitions of NB-PUSCH transmission among {1, 2, 4, 8, 16, 32, 64, 128}.
· DCI subframe repetition number: 3 bits
The starting subframe of NB-PUSCH can be related to the ending subframe of NB-PDCCH. In this case, the DCI should indicate the NB-PDCCH repetition number as supported in eMTC. To provide more indication flexibility, 3 bits can be used for indicating DCI subframe repetition number.
Besides, the starting subframe of NB-PUSCH can be related to the starting subframe of NB-PDCCH. In this case, the scheduling delay should be large enough to avoid potential overlap between NB-PDCCH and NB-PUSCH, which may introduce some restriction on the value of scheduling delay.

Further, considering CSI reporting is useful for link adaptation especially in small coverage extent, new field of CSI request in UL grant can be used to trigger aperiodic CSI request.
· CSI request: 1 bit
Based on above discussion, the text proposal 1 on DCI format N0 is attached in the appendix.
Proposal 1: The DCI fields in text proposal 1 on the DCI format N0 are the NB-IoT UL grant.
3 DCI format N1
3.1 DCI format N1 for DL 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, our further considerations on the remaining bit number of agreed fields of DCI format N1 are provided.

· Scheduling delay: 3 bits
2 bits indicates the delayed radio frame {0, 1, 2, 4 radio frames} and 3 bits indicate specific subframe within the delayed radio frame {0 to 8 subframes}.
· Resource assignment: 4 bits
The resource assignment is used to indicate the TTI bundling size of NB-PDSCH transmission. Moreover, the sub-PRB allocation is not supported. To take PRB as the unit of resource allocation in time domain, type 2 resource allocation can be adopted for the resource assignment. As analyzed in our companion contribution [4], 4 bits resource assignment are preferred to support NB-PDSCH transmission with large TBS and map NB-PDSCH across multiple PRBs (in time domain) to maintain low code rate. 

· Modulation and coding scheme: 3 bits

As discussed in our companion contribution of NB-PDSCH, 3 bits should be used to indicate the MCS and redundancy version [4].

· Repetition number: 4 bits

4bits can be used to indicate the repetition number of NB-PDSCH among {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}.
· HARQ-ACK resource: 3 bits

2 bits in current LTE system for HARQ ACK resource may not be sufficient given the editor’s note that operation is different than LTE. In our companion contribution, it supports separate UL grant DCI for ACK/NACK transmission, which is indicated by one of the total 8 states of 3-bits HARQ-ACK resource field in DL grant [5].
· DCI subframe repetition number: 2 bits
Similar to eMTC, the starting subframe of NB-PDSCH can be related to the ending subframe of NB-PDCCH. In this case, 2 bits in the DCI can be used to indicate the NB-PDCCH repetition number as supported in eMTC. 

Besides, the starting subframe of NB-PDSCH can be related to the starting subframe of NB-PDCCH. However, the scheduling delay should be large enough to avoid potential overlap between NB-PDCCH and NB-PDSCH, which may introduce some restriction on the value of scheduling delay.
Based on above discussion, the text proposal 2 on DCI format N1 is attached in the appendix.
Proposal 2: The DCI fields in text proposal 2 on the DCI format N1 are the NB-IoT DL grant. 

3.2 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)
Since it is agreed in RAN2 that only contention based RACH is supported, there is no need to specify an independent dedicated NB-PRACH resource in DCI for NB-PDCCH order. To support the 1-bit order, all the bits in DCI format N1 are set to ‘0’ to indicate the trigger of a new random access.

Proposal 3: NB-PDCCH order is supported by setting all the bits in DCI format N1 to ‘0’.  
4 DCI format N2

In [1], DCI format N2 is used for paging and direct indication (if supported), 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] 
As agreed in the last meeting, the paging transmission should be scheduled by NB-PDCCH. For the paging transmission, it can reuse the methodology adopted in eMTC. That is, when no paging record is included in the paging message, to avoid inefficient resource utilization of NB-PDSCH transmission and facilitate UE rapidly obtaining indication like system information update, the DCI format N2 can support direct indication. When DCI format N2 is used to schedule paging message, the information like system information update can be conveyed in paging message.

Proposal 4: Direct indication is supported by DCI format N2.
Further, it was agreed public warning functions like CMAS and ETWS are assumed not supported by NB-IoT [8]. As a result, the DCI format N2 does not need to directly indicate CMAS and ETWS. 

RAN1 can reserve more bits for direct indication for future extension.
· Direct Indication information: 5 bits

Similar to eMTC design, 1 bit can be used to provide direct indication of system information update, with 4 reserved bits
· Number of repetitions: 4 bits

For the simplicity, the number of repetitions of NB-PDSCH carrying paging can have the same bit size as that of NB-PDSCH scheduling unicast data and RAR. Therefore, 4bits can be used to indicate the repetition number among {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}.

· DCI subframe repetition number: 3 bits
It was agreed that there will be 8 repetition levels used for NB-PDCCH scheduling paging during the email discussion. As a result, 3 bits can be used to indicate the DCI subframe repetition number. 
Based on above discussion, the text proposal 3 on DCI format N2 is attached in the appendix.
Proposal 5: The DCI fields in text proposal 3 on the DCI format N2 are the DL grant for paging and direct indication. 
5 Conclusions 

In this contribution, further considerations on the contents for NB-IoT DCI are discussed, and the following proposals are given:

Proposal 1: The DCI fields in text proposal 1 on the DCI format N0 are the NB-IoT UL grant.
Proposal 2: The DCI fields in text proposal 2 on the DCI format N1 are the NB-IoT DL grant.
Proposal 3: NB-PDCCH order is supported by setting all the bits in DCI format N1 to ‘0’.
Proposal 4: Direct indication is supported by DCI format N2.
Proposal 5: The DCI fields in text proposal 3 on the DCI format N2 are the DL grant for paging and direct indication. 
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6 Appendix
Text Proposal 1

The text proposal 1 with regard to the DCI Format N0:
********************* Start of text proposal 1 to 36.212 ****************************
6.4.3.1
DCI Format N0
DCI format N0 is used for the scheduling of NPUSCH in one UL cell. 

The following information is transmitted by means of the DCI format N0:
- Flag for format N0/format N1 differentiation – 1 bit, where value 0 indicates format N0 and value 1 indicates format N1
- Subcarrier indication –5 bits as defined in section x.x. of [3]

- Resource assignment –4 bits as defined in section x.x. of [3]
- Scheduling delay –3 bits as defined in section x.x. of [3]

- Modulation and coding scheme and redundancy version –3 bits as defined in section x.x of [3]

- Repetition number –3 bits as defined in section x.x of [3]

- New data indicator – 1 bit
- DCI subframe repetition number –3 bits as defined in [3]
- CSI request – 1 bit
[New field(s) can be added if needed] 
********************* End of text proposal 1 to 36.212 ****************************
Text Proposal 2

The text proposal 2 with regard to the DCI Format N1:
********************* Start of text proposal 2 to 36.212 ****************************
6.4.3.2
DCI Format N1

DCI format N1 is used for the scheduling of one NPDSCH codeword in one cell.
The following information is transmitted by means of the DCI format N1:
- Flag for format N0/format N1 differentiation – 1 bit, where value 0 indicates format N0 and value 1 indicates format N1
- Scheduling delay –3 bits as defined in section x.x. of [3]

- Resource assignment –4 bits as defined in section x.x of [3]
- Modulation and coding scheme –3 bits as defined in section x.x of [3]

- Repetition number –4 bits as defined in section x.x of [3]

- New data indicator – 1 bit
- HARQ-ACK resource –3 bits as defined in section x.x of [3]. 

- DCI subframe repetition number –2 bits as defined in [3]

********************* End of text proposal 2 to 36.212 ****************************

Text Proposal 3

The text proposal 3 with regard to the DCI Format N2:
********************* Start of text proposal 3 to 36.212 ****************************
6.4.3.3
DCI Format N2

DCI format N2 is used for paging and direct indication.
The following information is transmitted by means of 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 –1 bit provides direct indication of system information update and  4 least significant bits are reserved , as defined in [6] 
- 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 –4 bits as defined in section x.x of [3]
- DCI subframe repetition number –3 bits as defined in section x.x of [3]

********************* End of text proposal 3 to 36.212 ****************************
