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1
Introduction
The Rel-14 work item on enhancement of NB-IoT includes an objective on power consumption and latency reduction through supporting 2 HARQ processes in the DL and UL [1]. In a companion contribution, we discuss timing relationships for supporting 2 HARQ processes [2]. In this contribution, we discuss the issues related to DCI formats for supporting 2 HARQ processes in NB-IoT.
2
Discussion

In Rel-13, three DCI formats are defined for NB-IoT of which two formats are used for scheduling DL and UL data. These formats are designed to support only a single HARQ process, however. Therefore, with the introduction of support for a second HARQ process, there would be a need to indicate the HARQ process number in the DCI.
Before the UE performs the random access procedure, the eNB does not know the capability of the UE, i.e., whether it is a Rel-13 UE (supporting a single HARQ process) or a Rel-14 UE (supporting 2 HARQ processes). Therefore, during the random access procedure, at least until the Rel-14 UE signals its capability, the eNB must operate with a common default assumption for Rel-13 and Rel-14 UEs. Thus, Rel-13 DCI formats must be used during the random access procedure. Furthermore, there is no need for supporting 2 HARQ processes during the random access procedure and also in the RRC_IDLE mode. 

Proposal 1: Rel-13 DCI formats are used for the random access procedure and when the UE is in RRC_IDLE mode.
After the UE signals its capability, the eNB can configure the UE for operation with 2 HARQ processes. As noted, the support for a second HARQ process on the DL and UL requires corresponding new DCI formats. Then there is no need for the eNB to use the Rel-13 DCI formats for scheduling NPDSCH or NPUSCH for a Rel-14 UE. Moreover, it is also desirable not to increase the blind decoding complexity in the UE. Thus, after configuration for 2-HARQ-process operation, only the new DCI formats can be used for DL and UL scheduling.
Proposal 2: New DCI formats are defined for supporting 2 HARQ processes.

Proposal 3: RRC signaling is used to configure a Rel-14 UE for operation with 2 HARQ processes.

Proposal 4: After RRC configuration for operation with 2 HARQ processes, only the new DCI formats are used for scheduling DL and UL for Rel-14 UEs.

The new DCI formats can be based on format N0 and format N1 and can include 1 bit to indicate the HARQ process number. Thus, the new DCI formats N3 (for NPUSCH scheduling) and N4 (for NPDSCH scheduling) can be defined as shown in the tables below.
Table 1. DCI format N3 for NPUSCH scheduling with 2 HARQ processes.
	Field
	Size (bits)

	Flag for N2/N3 differentiation
	1

	Subcarrier indication
	6

	Resource assignment
	3

	Scheduling delay
	2

	Modulation and coding scheme
	4

	Redundancy version
	1

	Repetition number
	3

	HARQ process number (new)
	1

	New data indicator
	1

	DCI subframe repetition number
	2


Table 2. DCI format N4 for NPDSCH scheduling with 2 HARQ processes.
	Field
	Size (bits)

	Flag for N2/N3 differentiation
	1

	NPDCCH order indicator
	1

	Scheduling delay
	3

	Resource assignment
	3

	Modulation and coding scheme
	4

	Repetition number
	4

	HARQ process number (new)
	1

	New data indicator
	1

	HARQ-ACK resource
	4

	DCI subframe repetition number
	2


Proposal 5: The HARQ process number is indicated using 1 bit in the DCI.

In the above table, it is expected that most of the DCI fields carried over from Rel-13 should indicate the same set of values for each of the two HARQ processes. If the scheduling delay field has the same meaning for the first and second process, however, due to the constraint that the scheduling delay k0 for the DL can be only one of the allowed values, a gap will be introduced in many cases between the NPDSCH for the first process and the NPDSCH of the second process, as illustrated in Figure 1. If the NPDCCH for each process is transmitted in 1 ms and the NPDSCH for each process is transmitted in 6 ms, the allowed scheduling delays result in a 3-ms gap. This increases the DL latency and reduces the improvement in data rate. This issue also occurs with the timing indicated in the HARQ-ACK resource and scheduling delay indicated for PUSCH transmission.
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Figure 1. Scheduling of 2 DL HARQ processes with Rel-13 scheduling delays.
It may be beneficial, therefore, for the scheduling delay fields to be defined differently or indicate a value from different sets for each of the two HARQ processesFor instance, while the scheduling delay parameter for the first HARQ process can still indicate timing of NPUSCH and NPDSCH relative to NPDCCH, for the second HARQ process it can be defined to indicate the timing relative to the NPUSCH or NPDSCH of the first HARQ process. Alternatively, the value indicated for the second process can also be drawn from the set defined in Rel-13, but the actual scheduling delay could be obtained by adding an offset based on other fields indicated for the first HARQ process. Although this increases implementation complexity, it would help derive a better benefit from supporting 2 HARQ processes.
Proposal 6: Consider redefining the scheduling delay fields in the DCI or the values indicated by them for the second HARQ process to reduce latency.
3
Conclusion

In this contribution, DCI formats required for supporting 2 HARQ processes in NB-IoT and related issues are discussed. The following proposals are made:
Proposal 1: Rel-13 DCI formats are used for the random access procedure and when the UE is in RRC_IDLE mode.

Proposal 2: New DCI formats are defined for supporting 2 HARQ processes.

Proposal 3: RRC signaling is used to configure a Rel-14 UE for operation with 2 HARQ processes.

Proposal 4: After RRC configuration for operation with 2 HARQ processes, only the new DCI formats are used for scheduling DL and UL for Rel-14 UEs.

Proposal 5: The HARQ process number is indicated using 1 bit in the DCI.

Proposal 6: Consider redefining the scheduling delay fields in the DCI or the values indicated by them for the second HARQ process to reduce latency.
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