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Introduction
In this contribution, we consider DCI design for NB-IoT.
2

DCI Design
In [1], the design for the NB-PDCCH is provided. In order to reduce UE implementation complexity, it is proposed that NB-PDCCH also uses SFBC as the single transmission scheme. Correspondingly, the NB-PDCCH REG to RE mapping scheme can follow time first, frequency second mapping principle as in PDCCH. Typically, the overhead for the NB-PDCCH is high relative to the data channel since the BLER target is 1% for the NB-PDCCH versus 10% for the data channels. Figure 1 illustrates the NB-PDCCH performance for DCI sizes (including CRC bits). The results are shown for in-band operation mode with 3 OFDM symbols reserved for LTE control region. Antenna configuration of 2Tx-1Rx with SFBC is used. Within each subframe, 4 CCEs are available with 7 REGs (or 28 resource elements) per CCE. 
Based on the results shown, it would be beneficial to reduce DCI size as much as possible, especially for UEs requiring large coverage enhancement. For instance, reducing the DCI size from 64 bits to 48 bits (including CRC) results in approximately 1.5 dB gain. This can reduce the number of repetitions by ~30%. In [2], a total transmission time of 168ms was needed to achieve 10% BLER operating point at SNR of -13.0 dB for DCI size of 64 bits. If the DCI size can be reduced to 48 bits, then only 118ms would be needed.
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Figure 1. NB-PDCCH performance for various DCI sizes (including CRC).
For the DCI design, the goal is to reduce the number of blind decodings at the UE. One way this can be accomplished is to have the same DCI size for DL and UL scheduling grants. This is the principle used for LTE as well as eMTC. Some padding bits are usually required but the amount of padding is typically small. Therefore, it is proposed that NB-IoT UL and DL scheduling grants should have the same size.
Proposal 1: NB-IoT UL and DL scheduling grants should have the same size.

In eMTC, there are two DCI formats based on the coverage enhancement mode the UE is in. In CE Mode B, the DCI size is smaller in order to reduce the number of repetitions. This was done through limiting some scheduling flexibility (e.g. PRB allocation). For NB-IoT, however, there might not be a substantial difference in the number of required bits for different coverage levels. In this case, it would be simpler to have only one DCI format for all coverage levels. 
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. Note that 16-QAM modulation is FFS.
· TTI (2 bits): In [2], it is proposed that longer TTI 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 the TTI length. To allow efficient time-domain multiplexing of different TTI length, it is proposed that NB-PDSCH supports TTI of length {1, 2, 4, 8} ms 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. 
· Frequency hopping flag (1 bit): This field is FFS as it is possible that frequency hopping, if supported, is configured semi-statically rather than dynamically.
· 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 [4], 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 36 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

	TTI
	2

	Repetition number
	3

	Starting subframe indicator (FFS)
	2

	Frequency hopping flag (FFS)
	1

	NDI
	1

	Redundancy version
	2

	DCI repetition number
	2

	HARQ-ACK resource indicator
	4

	RNTI + CRC
	16

	Total
	38


In addition to the DL grant, NB-PDCCH order should be supported. NB-PDCCH order is used to order the UE to initiate random access procedure and transmit a preamble on the NB-PRACH. This can help with timing advance estimation to ensure that the UE stays synchronized to the eNB. The usefulness of this feature depends on the expected traffic for NB-IoT. In case of MAR periodic reports and network command there would not be a strong need for NB-PDCCH order. Other machine-type traffic models, however, have much shorter inter-arrival time and the UE may remain in connected mode. For this traffic models, it would may be beneficial to have the ability to request the UE to transmit a preamble via NB-PDCCH order. Therefore, it is proposed that NB-PDCCH order is supported for NB-IoT. The DCI format for NB-PDCCH order would be the same size as that of the DL grant, but one or more fields would be set to invalid values to indicate that this is an NB-PDCCH order.
Proposal 2: NB-PDCCH order is supported for NB-IoT.

Table 1 provides an example of the DCI fields for NB-PUSCH scheduling. The fields that are different from the NB-PDSCH scheduling are –
· Resource allocation (4 bits): Used to indicate the assigned tones (either single or multiple). 

· TPC command (2 bits): TPC for the scheduled NB-PUSCH.
· CSI request (1 bit)
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 38 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
	4

	MCS
	4

	TTI
	2

	Repetition number
	3

	Starting subframe indicator (FFS)
	2

	Frequency hopping flag (FFS)
	1

	NDI
	1

	Redundancy version 
	2

	TPC command
	2

	DCI repetition number
	2

	CSI request
	1

	RNTI + CRC
	16

	Total
	41


3
Conclusion
In this contribution, we consider DCI design for NB-IoT and provide examples of NB-IoT UL and DL scheduling grants. In addition, we make the following proposal –

Proposal 1: NB-IoT UL and DL scheduling grants should have the same size.
Proposal 2: NB-PDCCH order is supported for NB-IoT.
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