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Introduction
It has been agreed that –

· The same DCI size for DL and UL is targeted for all operation modes and all coverage cases
· 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
In this contribution, we discuss the DCI content for NB-IoT.
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DCI Content
Table 1 provides an example of the DCI fields for NB-PDSCH scheduling. The fields are –

· DL/UL differentiation flag (1 bit).

· MCS (3-4 bits): The MCS/TBS table is given in [1].

· Number of resource units (2 bits): In [1], it is proposed that longer transmission time interval can be used for NB-PDSCH to allow for support of larger transport blocks. This means that the transport block can be coded and rate-matched according to multiple resource units. To allow efficient time-domain multiplexing of different resource unit length, it is proposed that NB-PDSCH supports scheduling of {1, 2, 4, 8} resource units and the corresponding DCI field would require 2 bits.
· Repetition number (4 bits): The eNB can configure a set of UE-specific repetition numbers for the NB-PDSCH and the DCI can indicate one of the value from this set. In [1], the following values are proposed {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}. This would require 4 bits.
· Starting subframe indicator (3 bits): This is used to indicate the starting subframe of the NB-PDSCH transmission. If the NB-PDCCH for more than one UE is transmitted in search space, the corresponding NB-PDSCH transmissions may be time-multiplexed. In this case, the DCI can indicate the starting subframe of the NB-PDSCH transmission. Furthermore, in case of discontinuous transmission, the NB-PDCCH and NB-PDSCH repetitions for two UEs can be interleaved. When this is done, again there is a delay between the NB-PDCCH and the corresponding NB-PDSCH which can be indicated by the DCI. This parameter is described in [2] where the timing of the NB-PDSCH transmission for a UE is indicated either relative to the end of its associated NB-PDCCH and as the delay in excess of 4 ms or relative to the beginning of the data transmission region that is configured for the UE within the scheduling window. The timing of the NB-PDSCH is indicated in the DCI with 3 bits. The set of delay values indicated by the bits is {0,1,2,4,6,8,12,16}.
· NDI (1 bit).

· DCI repetition number (2 bits): The eNB can configure a set of UE-specific repetition numbers for the NB-PDCCH and the DCI can indicate one of the value from this set. Two bits should be sufficient.

· HARQ-ACK resource indicator (2 bits): In [3], it is proposed that ACK/NACK should be supported for NB-IoT using the NB-PUSCH. ACK/NACK can be transmitted on the NB-PUSCH using e.g. single-tone transmission format or multiplexed with uplink data in case of pending data transmission. For ACK/NACK resource selection, a set of tones are configured for ACK/NACK transmission and one of those tones is explicitly indicated via DCI.
The example from Table 1 shows that the DCI size for DL grant can be approximately 34-35 bits including the CRC. 

Table 1. Example of DCI fields for NB-PDSCH scheduling (DL grant).
	Field
	Size (bits)
	Note

	DL/UL differentiation flag
	1
	

	MCS
	3-4
	See [1]

	Number of resource units
	2
	{1,2,4,8}

	Repetition number
	4
	{1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}

	Starting subframe indicator 
	3
	{0,1,2,4,6,8,12,16}

	NDI
	1
	

	DCI repetition number
	2
	Based on configured Rmax, possible values are {1, 2, 4, 8, 16, 32, 64, 128, 256}

	HARQ-ACK resource indicator
	2
	{0,1,2,3}

	RNTI + CRC
	16
	

	Total
	34-35
	


Table 2 provides an example of the DCI fields for NB-PUSCH scheduling. The fields that are different from the NB-PDSCH scheduling are –
· Resource allocation (6 bits): Used to indicate the assigned tones (either single or multiple). For 3.75 kHz subcarrier spacing, up to 48 tones are available, requiring 6 bits. For 15 kHz, we have the following options – single tone (12 possibilities), 3 tones (4 possibilities), 6 tones (2 possibilities), and 12 tones (1 possibility). Thus, the 6 bits would be sufficient.
· TPC command (2 bits): TPC for the scheduled NB-PUSCH.
· CSI request (1 bit)
· Starting subframe indicator (2 bits): This parameter is described in [2] where the timing of the NB-PUSCH transmission for a UE is indicated relative to the end of its associated NB-PDCCH and as the delay in excess of 8 ms. The timing of the NB-PUSCH is indicated in the DCI with 3 bits. The set of delay values indicated by the bits is {0,1,2,4,6,8,12,16}.
· Redundancy version: As considered in [4], two RV’s would appear sufficient, requiring only 1 bit from DCI.
From the table, it is seen that the size of the UL grant is similar to that of the DL grant (42 bits compared to 35 bits in this example). Therefore, it is expected that the amount of padding needed to ensure the DL and UL grants are of the same size is small. Furthermore, additional flexibility can be added for the DL grant. For example, the HARQ-ACK resource indicator can use the full 6 bits as for UL grant resource selection. This will increase the size of the DL grant to 39 bits while offering full flexibility in resource selection for NB-PUSCH carrying ACK/NACK.
Table 2. Example of DCI fields for NB-PUSCH scheduling (UL grant).
	Field
	Size (bits)
	Note

	DL/UL differentiation flag
	1
	

	Resource allocation
	6
	

	MCS
	3
	See [4]

	Number of resource units
	2
	{1,2,4,8}

	Repetition number
	4
	{1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}

	Starting subframe indicator 
	3
	{0,1,2,4,6,8,12,16}

	NDI
	1
	

	Redundancy version 
	1
	{0,2}

	TPC command
	2
	

	DCI repetition number
	2
	Based on configured Rmax, possible values are {1, 2, 4, 8, 16, 32, 64, 128, 256}

	CSI request
	1
	

	RNTI + CRC
	16
	

	Total
	42
	


3
Conclusion
In this contribution, we consider DCI design for NB-IoT and provide examples of NB-IoT UL and DL scheduling grants. From our analysis, it is seen that DCI size of approximately 42 bits is needed for NB-IoT. 
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