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Introduction
In the NB-IoT adhoc, it was agreed that –

· The same DCI size for DL and UL is targeted for all operation modes and all coverage cases
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).

· Resource allocation (0 bit): For the NB-PDSCH, it is proposed that scheduling is always for the entire PRB (no sub-PRB allocation). Therefore, this field is not needed. 

· MCS (4 bits): Using the existing MCS table, 4 bits would be sufficient to support QPSK and 16-QAM modulation.

· 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 (3 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. Three bits should be sufficient.
· Starting subframe indicator (2 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 NB-PDSCH is transmitted with a delay of k1 subframes relative to the last repetition of the NB-PDCCH, where the delay k1 ≥ 1 is indicated in the DCI.
· NDI (1 bit).

· Redundancy version (2 bits).
· 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 (4 bits): In [1], 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. In case the UE has no upcoming uplink transmission, this field can be used to indicate NB-PUSCH allocation for ACK/NACK.
The example from Table 1 shows that the DCI size for DL grant can be approximately 37 bits including the CRC. Although these fields and bit sizes are just examples, it is reasonable to target the maximum size of the DL grant in our design to be less than 48 bits including the CRC.

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

	DL/UL differentiation flag
	1

	MCS
	4

	Number of resource units
	2

	Repetition number
	3

	Starting subframe indicator 
	2

	NDI
	1

	Redundancy version
	2

	DCI repetition number
	2

	HARQ-ACK resource indicator
	4

	RNTI + CRC
	16

	Total
	37


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. This could be reduced, e.g. by allowing only tones are that multiples of the 15 kHz raster. This would reduce the resource allocation to ~5 bits.
· 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 yhe NB-PUSCH is transmitted with a delay of k3 subframes relative to the last repetition of the NB-PDCCH, where the delay k3 ≥ 4 is indicated in the DCI.
From the table, it is seen that the size of the UL grant is similar to that of the DL grant (41 bits compared to 37 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.

Table 2. Example of DCI fields for NB-PUSCH scheduling (UL grant).
	Field
	Size (bits)

	DL/UL differentiation flag
	1

	Resource allocation
	6

	MCS
	3

	Number of resource units
	2

	Repetition number
	3

	Starting subframe indicator 
	2

	NDI
	1

	Redundancy version 
	2

	TPC command
	2

	DCI repetition number
	2

	CSI request
	1

	RNTI + CRC
	16

	Total
	41
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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 41 bits is needed for NB-IoT. Additional optimization is possible to reduce the DCI size further.
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