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1 Introduction

In this contribution, some considerations on the DCI formats and contents for NB-IoT are discussed, and corresponding proposal and observation to guide the design of NB-IoT DCI are given.
2 Discussion
In eMTC, different DCI formats (e.g., DCI format 6-0A/6-1A and DCI format 6-0B/6-1B) are designed for different CE (coverage enhancement) modes. To facilitate reliable M-PDCCH detection in large coverage enhancement, the payload of DCI format 6-0B/6-1B is more compact than that of format 6-0A/6-1A. 

For NB-IoT, the concept of CE mode in eMTC can be similarly applied, and the number of CE mode cannot be limited to 2. However, for the DCI design for NB-IoT, if there is not much difference on the DCI fields for different CE modes, one DCI format can be used regardless of CE modes.
2.1 CE mode independent DCI format

To analyze possible fields for the DCI format of NB-IoT in different CE modes, we take DCI format 6-0A and 6-0B for eMTC as an example. The following fields are included in DCI format 6-0A rather than in DCI format 6-0B [1]. 

- Frequency hopping flag – 1 bit. 
- Redundancy version – 2 bits
- TPC command for scheduled PUSCH – 2 bits

- UL index – 2 bits 

- Downlink Assignment Index (DAI) – 2 bits 

- CSI request – 1 bit. 

- SRS request – 0 or 1 bit. 
Moreover, for eMTC, the number of bits of resource block assignment in DCI format 6-0B is also less than that in DCI format 6-0A.
However, for NB-IoT in Rel-13, it can assume one RB only used for all UEs in one cell. Thus, the RB (i.e., frequency location) of NB-IoT PDSCH or PUSCH transmission is the same as that PSS and SSS transmission. That is, regardless of which CE mode, no RB indication is needed in the DCI of NB-IoT. 
Due to 3.75kHz sub-carrier can only be used for single-tone UL transmission, the number of bits to indicate one 3.75kHz sub-carrier within one RB might be 6 bits regardless of coverage mode. For 15kHz sub-carrier, 5 bits can be used to indicate single-tone or multiple-tones within one RB. Therefore, there is not much difference on the bit number of resource assignment within one RB considering different CE modes. 
In addition, if one RB only used for all UEs in one cell, the frequency hopping flag could also not be needed.

In view of TBCC would be used in the NB-IoT DL transmission, the RV indication for PDSCH is not needed. For NB-IoT PUSCH transmission, as the TBS and TTI bundling size are not defined yet, the benefits of indicating RV are not clear. Thus, RV can also not be indicated in the DCI for UL scheduling. If RV is needed for UL transmission, RV cycling can be used based on predefined pattern. 
Further, SRS will not be supported for NB-IoT UE due to UE’s capability. As a result, the field of SRS request is also not needed.

Since NB-IoT support of TDD will not be done in Rel-13, the DCI design should be focused on FDD. This will not lead to a later increase in complexity of DCI detection between FDD and TDD since the UE will not need to blind search for DCIs from both frame structures.
In view of the mobile autonomous periodic report and low mobility for NB-IoT UE, aperiodic CSI reporting might only be useful for NB-IoT UE in small coverage enhancement.

For power control, as analyzed in our companion contribution [2], open loop power control or maximum power (according to coverage) is sufficient power control for NB-IoT UEs. Thus, the field of TPC command is not needed.

Further, as analyzed in our companion contribution [3], NB-IoT DCI format can be independent of transmission modes. To sum up, considering different CE modes for NB-IoT, there are only small differences on the content and payload of DCI format. Therefore, to simplify standardization work and UE’s implementation, a single DCI format is proposed for NB-IoT PUSCH (or PDSCH) transmission regardless of UE’s coverage enhancement requirements and transmission mode. 
Proposal 1: NB-IoT DCI formats are independent of coverage requirements and transmission mode.
3 DCI Contents
In this section, some preliminary considerations on the fields of DCI for NB-IoT are given. It is assumed DCI format NB0 is used for the scheduling of PUSCH in one UL cell. The corresponding DCI content should at least contain following fields:
· Sub-carrier indication: [5 or 6] bits. 
If sub-carrier spacing for UL transmission is 15 kHz, the number of allocated sub-carriers can be chosen from {1, 2, 4, 8, 12} or its subset. 
If the sub-carrier spacing is 3.75 kHz, only one sub-carrier of all the 48 sub-carriers can be allocated. Thus, no more than 6 bits are needed to indicate the allocated sub-carrier. However, it is also possible to make the bit number for indicating sub-carrier allocation the same for both 15 kHz and 3.75 kHz sub-carrier spacing.
· Modulation and coding scheme: [4~6] bits.
· Repetition number: [2~3] bits.
· New data indicator: 1 bit.
· CSI request: [1] bit.
· DCI subframe repetition number – 2 bits
DCI format NB1 can be used for the compact scheduling of PDSCH. The following fields should be included:

· Sub-carrier indication: [5 or 6] bits. The sub-carrier spacing for downlink is 15 kHz, thus the number of allocated sub-carriers can be chosen from {1, 2, 4, 8, 12} or its subset. 
· Modulation and coding scheme: [4~6] bits.
· Repetition number: [2~3] bits.
·  New data indicator: 1 bit.
· HARQ-ACK resource offset: [2] bits.
· DCI subframe repetition number – 2 bits
Apparently, the DCI payload of DCI format NB0 and that of DCI NB1 are almost the same. Therefore, it is better to make the same payload for DCI format NB0 and NB1 in order to reduce UE’s complexity on the blind detection of NB-PDCCH. Correspondingly, one flag bit in the NB-IoT DCI format should be used to differentiate UL grant and DL grant.
Observation 1: The payload size of DCI format for PUSCH may be the same as that for PDSCH.
4 Conclusions 

In this contribution, preliminary considerations on the DCI formats and contents for NB-IoT are discussed, and the following proposals are given:

Proposal 1: NB-IoT DCI formats are independent of coverage requirements and transmission mode.
Observation 1: The payload size of DCI format for PUSCH may be the same as that for PDSCH.
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