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1 Introduction

At the last RAN1 NB-IoT Ad-hoc #2 meeting, much progress was achieved on the remaining issues of the NB-PDCCH, NB-PDSCH, and NB-PUSCH design. Agreements relevant to the DCI design for NB-IoT are summarized as follows:
	Downlink:

· DCI content: 

· Number of repetitions of NB-PDCCH:

· 2 bits (except for CSS for paging)

· 3 bits for CSS for paging

· Scheduling delay between end of NB-PDCCH transmission and start of data transmission:

· 3 bits for NB-PDSCH (except for CSS for paging)

· 0 bits for paging

· 2 bits for NB-PUSCH
· Values are FFS.
· 5 bits in UL grant are used to jointly indicate the subcarrier number and starting subcarrier for NB-PUSCH transmission with 15 kHz subcarrier spacing. The total number of valid NB-PUSCH allocations for {12, 6, 3, 1} tone transmission formats and 15 kHz numerology is the sum of
1. One allocation of all 12 tones: {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}

2. Two non-overlapping allocations of 6 tones: {0, 1, 2, 3, 4, 5} and {6, 7, 8, 9, 10, 11}

3. Four non-overlapping allocations of 3 tones: {0, 1, 2}, {3, 4, 5}, {6, 7, 8} and {9, 10, 11}

4. Twelve non-overlapping single-tone allocations: {0}, {1}, {2}, {3}, {4}, {5}, {6}, {7}, {8}, {9}, {10}, {11} and {12}

· 6 bits in UL grant are used to indicate the subcarrier index for NB-PUSCH transmission with 3.75 kHz subcarrier spacing (48 non-overlapping single-tone allocations).
· CW for NB-PDSCH can be mapped to multiple subframes

· 8 numbers of subframes 

· Supported number of subframes includes at least 1, 2, 4, 8 (Maximum value is less than or equal to 10)
· MCS/TBS entries for PDSCH
· 3-bit NPRB sizes and 4-bit ITBS. Total 7 bits indication. Separate indication of and NPRB and ITBS. Yellow colored entries are supported. The entries without colors are not supported. QPSK for all TBS. ITBS = 11 and 12 is supported only for standalone and guardband.
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Uplink:

· For multi-tone and single-tone,
· RV0 or RV2 is separately indicated by 1 bit DCI. RV2 is supported in all ITBS
· Starting point is to reuse TBS/MCS table for DL
· ITBS is 4 bits indication in DCI
· NPRB is 3 bits indication in DCI. NPRB indicates the number of resource unit   
· For multi-tone, support ITBS equals 0 to at least 10
· For single-tone, support ITBS equals 0 to 10



This leaves only few fields in the DCI design for DL assignments and UL grants undefined, namely, the number of repetitions for the NB-PDSCH and NB-PUSCH, respectively, as well as the DL HARQ ACK/NACK resource indication. The detailed proposals can be found in our companion contributions [1]

 REF _Ref447615548 \r \h 
[2]

 REF _Ref447615549 \r \h 
[3] on the remaining details of NB-PDSCH, NB-PUSCH, and UCI and DL HARQ-ACK feedback. This contribution summarizes the final DCI payload design for both DL assignments and UL grants and contrasts the overall payload sizes for the two DCI types for comparison. The proposed DCI fields for both uplink and downlink are also summarized in the conclusions section. 
2 DCI design for NB-IoT

2.1 DCI content for DL assignment

Table 1 depicts both agreed and open fields of the DCI content for DL assignments. Further details on the remaining open issues can be found in our companion contributions in [1] [3]. This contribution provides the corresponding DCI as well as the final payload size for DL assignments. 
Table 1: DCI content for DL assignment

	DL assignment/ UL grant differentiation flag
	1 bit

	NB-PDSCH rate matching indication
	3 bits

	Number of NB-PDCCH repetitions
	2 bits

	Offset indication between NB-PDCCH and associated NB-PDSCH
	3 bits

	Number of NB-PDSCH repetitions
	3 bits

	MCS/TBS
	4 bits

	New data indication
	1 bit

	HARQ ACK/NACK resource indication
	2 bits (frequency domain) + 2 bits (time domain) = 4 bits

	CRC
	16 bits

	Total
	37 bits


2.2 DCI content for UL grant

Table 2 depicts both agreed and open fields of the DCI content for UL grants. Similar to the DL case, further details on the remaining open issues, e.g., on the need for a TPC command in the UL DCI, can be found in companion contributions in [2][3]. As has been the case for the downlink, this contribution focuses on the corresponding DCI as well as the final payload size for UL grants. As elaborated in [2], it may be beneficial to use only 2 bits to indicate the number of NB-PUSCH repetitions wherein the set of four values are configured via RRC signaling.
Table 2: DCI content for UL grant
	DL assignment/ UL grant differentiation flag
	1 bit

	NB-PUSCH rate matching indication
	3 bits

	NB-PUSCH resource allocation
	5 bits
	15 kHz subcarrier spacing

	
	6 bits
	3.75 kHz subcarrier spacing

	Number of NB-PDCCH repetitions
	2 bits

	Offset indication between NB-PDCCH and associated NB-PUSCH
	2 bits

	Number of NB-PUSCH repetitions
	2 bits

	MCS/TBS
	4 bits

	New data indication
	1 bit

	Redundancy version
	1  bits

	CRC
	16 bits

	Total
	37 bits
	15 kHz subcarrier spacing

	
	38 bits
	3.75 kHz subcarrier spacing


2.3 DCI content for paging
Table 3 depicts the proposed DCI fields for paging. Further details on the remaining open issues for paging can be found in our companion contribution [4]. This contribution provides the corresponding DCI as well as the final payload size for paging. 
Table 3: DCI content for paging
	Flag for paging/direct indication differentiation
	1 bit

	NB-PDSCH rate matching indication
	3 bits
	If flag is TRUE

	Number of NB-PDCCH repetitions
	3 bits
	If flag is TRUE

	Number of NB-PDSCH repetitions
	3 bits
	If flag is TRUE

	MCS/TBS
	4 bits
	If flag is TRUE

	CRC
	16 bits

	Total
	30 bits


If the paging/direct indication differentiation flag is set to FALSE, direct indication of system information can be included in the DCI. In addition, reserved fields are defined to align the DCI size with the case where the flag is set to TRUE as illustrated in Table 3. These reserved fields can support CMAS, ETWS, etc. in future releases. Otherwise, if the paging/direct indication differentiation flag is set to TRUE, the DCI payload for paging is as in Table 3 [4]. Similar to eMTC, in this case, a truncated MCS field may be considered to further reduce the size of DCI format N2.

3 Conclusion

This contribution addressed the remaining issues of the NB-PDCCH design including the DCI design. For the DCI content, we made the following proposals:
Proposal 1: DCI content for DL assignment

· DL assignment/ UL grant differentiation flag - 1 bit

· NB-PDSCH rate matching indication - 3 bits

· Number of NB-PDCCH repetitions - 2 bits

· Offset indication between NB-PDCCH and associated NB-PDSCH - 3 bits


· Number of NB-PDSCH repetitions - 3 bits

· MCS/TBS – 4 bits
· New data indication - 1 bit

· HARQ ACK/NACK resource indication - 4 bits
Proposal 2: DCI content for UL grant
· DL assignment/ UL grant differentiation flag - 1 bit
· NB-PUSCH rate matching indication - 3 bits
· NB-PUSCH resource allocation - 6 bits for 3.75 kHz subcarrier spacing / 5 bits for 15 kHz subcarrier spacing
· Number of NB-PDCCH repetitions - 2 bits

· Offset indication between NB-PDCCH and associated NB-PUSCH - 2 bits


· Number of NB-PUSCH repetitions - 2 bits
· MCS/TBS – 4 bits
· New data indication - 1 bit

· Redundancy version - 1  bits
Proposal 3: DCI content for paging if paging/direct indication differentiation flag is set to TRUE
· Flag for paging/direct indication differentiation - 1 bit

· NB-PDSCH rate matching indication - 3 bits

· Number of NB-PDCCH repetitions - 3 bits

· Number of NB-PDSCH repetitions - 3 bits

· MCS/TBS – 4 bits
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