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1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things, which addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture [1]. The revised NB-IoT work item was further approved at RAN#70 [2]. At RAN1#84 [3], the following agreements were achieved regarding the UCI transmission. In this contribution, we describe the further details of UCI transmission.
	Agreements:
· A/N transmission subcarrier spacing is same to the subcarrier spacing configured for PUSCH when single tone transmission is used for A/N transmission

· The size of resource unit for A/N transmission is 2 msec for 15 kHz single tone and 8 msec for 3.75 kHz single tone transmission
Agreements:
· Number of repetitions for A/N transmission corresponding to Msg 4 is semi-statically configured by SIB per PRACH resource set

· This is used as a default value to number of repetitions for A/N transmission after Msg4

· A/N piggybacking on PUSCH is not supported in Rel-13
Agreement: 

· Baseline subcarrier index to which the frequency offset carried in DCI is applied is not higher layer signaled 
· Details FFS in RAN1
Agreements:
· For ACK/NACK only transmission of NB-PDSCH in NB-IoT:

· Only single tone transmission is supported



2. Discussion
The following issues were not concluded yet:

· Starting subframe of ACK/NACK transmission  
· Subcarrier index for ACK/NACK transmission
It is obviously good to design the time/frequency resource indication for ACK/NACK transmission as much flexible as possible. However, since the DCI space is limited, combined explicit/implicit indication can be considered. On the other hand, given that NB-PDSCH transmissions are always TDMed, the collisions between multiple ACK/NACK transmissions may not be that significant due to no FDM for NB-PDSCH. It is also necessary to consider the collision avoidance between the ACK/NACK transmission and NB-PUSCH data transmissions.

It was agreed that only single-tone transmission is supported for ACK/NACK transmission, where the corresponding subcarrier spacing is same to the subcarrier spacing configured for NB-PUSCH. For 3.75 kHz and 15 kHz subcarrier spacing, there are 48 and 12 subcarrier candidates, respectively. Since there is less number of subcarrier candidates for 15k Hz subcarrier spacing case, more candidates can be considered in the time domain. For example, if 4 candidates can be supported in the time domain, it is also possible to support up to 48 ACK/NACK transmission candidates.
In our companion document of DCI contents [4], it was observed that the UL scheduling grant may require 4 more bits compared to the DL scheduling assignment, due to the additional indication of subcarrier assignment and redundancy version. Therefore, 4 bits can be considered to indicate the time and/or frequency resources of ACK/NACK transmission in the DL scheduling assignment.

For 3.75 kHz subcarrier spacing case, 4 bits can indicate 16 subcarrier offsets, and the baseline subcarrier index can be implicitly derived from the index of the ending subframe of a NB-PDSCH transmission. For example, the baseline subcarrier index can be {0, 16, 32}, and 16 subcarrier offsets are {0,1,2,…,15}. Thus it is possible to indicate the 48 subcarrier index for ACK/NACK transmissions. The starting NB-slot for ACK/NACK transmissions can be the first NB-slot after 12msec from end of the last subframe of the associated PDSCH transmission.

For 15 kHz subcarrier spacing case, 2 bits in DCI indicates 4 subcarrier offsets. Similarly, the baseline subcarrier index can be implicitly derived from the index of the ending subframe of a NB-PDSCH transmission. For example, the baseline subcarrier index can be {0, 4, 8}, and 4 subcarrier offsets are {0,1,2,3}. The additional 2 bits in DCI can indicates the delay of starting subframe for ACK/NACK transmission, e.g., 12, 12+d, 12+2d, 12+3d, where d is a pre-defined delay step.
Proposal 1: In the DL scheduling assignment, 4 bits are used to indicate the time/frequency resource information of the corresponding ACK/NACK transmission. 
Proposal 2: The interpretation of the 4 bit indication depends on the subcarrier spacing: 
· For 3.75kHz subcarrier spacing case, the 4 bits indicate 16 subcarrier offsets {0,1,2,…,15}. The baseline subcarrier indices includes {0,16,32} which is derived implicitly. The starting NB-slot for ACK/NACK transmissions can be the first NB-slot after 12msec from end of the last subframe of the associated PDSCH transmission.
· For 15kHz subcarrier spacing case, 2 bits indicate 4 subcarrier offsets {0,1,2,3}. The baseline subcarrier indices includes {0,4,8} which is derived implicitly. Another 2 bits indicates the delay of starting subframe for ACK/NACK transmission, e.g., 12, 12+d, 12+2d, 12+3d, where d is a pre-defined delay step.
3. Conclusions
This contribution discussed the time/frequency resource indication of ACK/NACK transmission. In summary, the proposals are as follows:
Proposal 1: In the DL scheduling assignment, 4 bits are used to indicate the time/frequency resource information of the corresponding ACK/NACK transmission. 
Proposal 2: The interpretation of the 4 bit indication depends on the subcarrier spacing: 
· For 3.75kHz subcarrier spacing case, the 4 bits indicate 16 subcarrier offsets {0,1,2,…,15}. The baseline subcarrier indices includes {0,16,32} which is derived implicitly. The starting NB-slot for ACK/NACK transmissions can be the first NB-slot after 12msec from end of the last subframe of the associated PDSCH transmission.
· For 15kHz subcarrier spacing case, 2 bits indicate 4 subcarrier offsets {0,1,2,3}. The baseline subcarrier indices includes {0,4,8} which is derived implicitly. Another 2 bits indicates the delay of starting subframe for ACK/NACK transmission, e.g., 12, 12+d, 12+2d, 12+3d, where d is a pre-defined delay step.
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