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1 Introduction

In previous NB-IoT Ad-Hoc meeting [1], the following agreements related to NB-IoT DCI design were concluded. 
Agreements:
· The same DCI size for DL and UL is targeted for all operation modes and all coverage cases

In this contribution, some further considerations on the DCI formats and contents for NB-IoT are discussed, and corresponding proposal and observation to guide the design of NB-IoT DCI are given.

2 UL grant
In this section, the fields of UL grant for NB-IoT are given. We refer to DCI format NB0, to be used for the scheduling of NB-PUSCH in one UL cell. The corresponding DCI content should contain the following fields:
· UL/DL differentiation flag: 1 bit

It was agreed that the same DCI size for DL and UL, so one bit flag should be used to differentiate UL grant and DL grant.

· Sub-carrier indication: 6 bits
One bit is used to indicate the PUSCH transmission based on 15kHz subcarrier spacing or 3.75kHz subcarrier spacing.

If sub-carrier spacing for UL transmission is 15 kHz, the number of allocated sub-carriers can be chosen from {1, 3, 6, 12}. The table below gives an example for 5 bits to indicate sub-carrier allocation.
Table 1: Sub-carrier allocation, 15 KHz sub-carrier

	Index
	Allocated Sub-Carrier(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 sub-carrier spacing is 3.75 kHz, only one sub-carrier of all the 48 sub-carriers can be allocated. Thus, no more than 6 bits are needed to indicate the allocated sub-carrier. However, it may be possible to make the bit number for indicating sub-carrier allocation the same for both 15 kHz and 3.75 kHz sub-carrier spacing.
· Modulation and coding scheme: 3 bits

· Number of resource units for PUSCH mapping: 5 bits

For PUSCH transmission with large TBS, it is preferred to map PUSCH across multiple resource units to maintain low code rate. As a result, it is beneficial to indicate the number of resource units in DCI. 

· Repetition number: 3 bits

· New data indicator: 1 bit

· DCI subframe repetition number: 2 bits
· PUSCH starting subframe indication: 3 bits
For NB-PUSCH, single-tone or multiple tones would be used for UL transmission. The capacity between NB-PUSCH transmission and NB-PDCCH is hard to maintain well balance. Moreover, for 3.75 kHz subcarrier, 2 ms NB-slot is defined, which will also make complexity to keep synchronous timing between NB-PDCCH and NB-PUSCH. As a result, it may beneficial to indicate the starting subframe of NB-PUSCH transmission in DCI. 
A time offset can be predefined or signaled via higher-layer signaling, and DCI further indicates the delay on top of time offset. The time offset indicates the subframe interval of ending subframe of detected NB-PDCCH and the ending subframe of NB-PDCCH search space. DCI additionally indicate the number of large-scale and small scale delay. For example, 2 bits indicates the large-scale delay (e.g., 8, 16, 32, 64 resource units in time) and 1 bits indicate small-scale delay (e.g., 0 or 4 resource units in time).
The following table summarizes the fields of NB-IoT UL grant, and about 40 bits payload size are needed for NB-IoT UL grant.
Table 2: Fields in UL grant

	Fields
	Size

	UL/DL differentiation flag
	1 bit

	Modulation and coding scheme
	3 bits

	Resource allocation
	Sub-carrier indication
	6 bits

	
	PUSCH starting subframe indication 
	3 bits

	
	Number of resource units for PUSCH mapping
	5 bits

	Repetition number 
	3 bit

	New data indicator 
	1 bits

	DCI subframe repetition number 
	2 bits

	CRC
	16 bits

	Total payload (with CRC): 
	40 bits


Proposal 1: DCI dynamically indicates the timing relationship of PUSCH.
Proposal 2: The payload size of DCI format for PUSCH is about 40 bits (with CRC).
3 DL grant
Similarly, DCI format NB1 can be used for the compact scheduling of PDSCH. The following fields should be included:

· UL/DL differentiation flag: 1 bit

· Modulation and coding scheme: 3 bits

· Number of subframe for PDSCH mapping: 5 bits

For PDSCH transmission with large TBS, it is preferred to map PDSCH across multiple resource units to maintain low code rate. As a result, it is beneficial to indicate the number of resource units in DCI. 

· Repetition number: 4 bits

· New data indicator: 1 bit

· HARQ-ACK resource: 3 bits

· DCI subframe repetition number: 2 bits
· PDSCH starting subframe indication: 5 bits

Since one RB will be fully occupied for NB-PDCCH (especially in NB-PDCCH repetition) and TDM will be used for different NB-PDCCHs, it is hard to maintain fixed timing between NB-PDCCH and associated NB-PDSCH. Moreover, NB-PDSCH transmission may fully occupy the same RB as that of NB-PDCCH, which may complicate the multiplexing between NB-PDCCH and NB-PDSCH. Thus, to provide flexibility of eNB’s scheduling, it is beneficial to dynamically indicate the starting subframe (including radio frame) of NB-PDSCH transmission. 
As analyzed in above section, a scheduling window may not be needed. A time offset can be predefined or signaled via higher-layer signaling, and DCI further indicates the delayed radio frames and subframes on top of time offset. The time offset can be the subframe interval between the ending subframe of detected NB-PDCCH and the ending subframe of NB-PDCCH search space. The DCI can separately indicate the number of delayed radio frame and subframe. Alternatively, the DCI can joint indicate the number of delayed radio frame and subframe, which can use fewer bits. For example, 2 bits indicates the delayed radio frame (e.g., 0, 1, 2, 4 radio frames) and 3 bits indicate specific subframe within the delayed radio frame (e.g., from 0 to 8 radio subframes).
The following table summarizes the fields of NB-IoT DL grant. 

Table 3: Fields in DL grant

	Fields
	Size

	UL/DL differentiation flag
	1 bit

	Modulation and coding scheme
	3 bits

	Resource allocation
	PDSCH starting subframe indication 
	5 bits

	
	Number of subframe for PDSCH mapping
	5 bits

	Repetition number
	4 bit

	New data indicator
	1 bit

	HARQ-ACK resource
	3 bits

	DCI subframe repetition number
	2 bits

	CRC
	16 bits

	Total payload (with CRC): 
	40 bits


Proposal 3: DCI dynamically indicates the timing relationship of PDSCH.

Proposal 4: The DCI format in Table 2 and Table 3 can be regarded as the starting point of DCI format design for NB-IoT. 
4 Conclusions 

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

Proposal 1: DCI dynamically indicates the timing relationship of PUSCH.
Proposal 2: The payload size of DCI format for PUSCH is about 40 bits (with CRC).
Proposal 3: DCI dynamically indicates the timing relationship of PDSCH.
Proposal 4: The DCI formats in Table 2 and Table 3 can be regarded as the starting point of DCI format design for NB-IoT.
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