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Discussion and Decision
1
Introduction
In the NB-IoT adhoc, it was agreed that –

· Periodic CSI and dedicated SR is not supported in Rel-13 NB-IoT
· Transmission of ACK and/or NACK corresponding to NB-PDSCH is supported
· Both 3.75 and 15 kHz subcarrier spacing are supported in transmission of ACK and/or NACK
· FFS for the piggy back of SR
In this contribution, we consider further the UCI for NB-IoT.
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Uplink Control Information
It was agreed that transmission of ACK and/or NACK corresponding to NB-PDSCH is supported. If only ACK or only NACK is transmitted, the number transmissions would be less. This may be true especially if only NACK is transmitted, since the operating BLER is typically around 10%. However, in this case, there would be an error situation due to the absence of a NACK if the UE misses the DCI as the eNB cannot distinguish whether it is an ACK or if the DCI was missed. If only ACK is transmitted, the saving would not be as substantial. In addition, the eNB would not know if an ACK is absent because the UE misses the DCI or if the UE cannot successfully decode the packet. Thus, if incremental redundancy is supported, redundancy version information would need to be included in the downlink DCI. For link adaptation purposes, it would also be beneficial for the eNB to know if the UE misses the DCI. Therefore, it is proposed that both ACK and NACK are transmitted.
Proposal 1: Both ACK and NACK are transmitted.
In the case that there is no uplink data scheduled, our preference is to reuse the NB-PUSCH channel structure to transmit ACK/NACK. Single-tone format would be preferred in order to utilize only a single feedback format that is applicable for UEs support only single-tone transmission. In this case, the following steps may be used –

· The ACK/NACK bit is repeated to form a block of bits to be transmitted on the NB-PUSCH, then scrambled based on UE-specific scrambling sequence prior to modulation. 
· The block of scrambled bits are modulated using Pi/2-BPSK.
· The block of symbols are precoded and mapped to physical resources.

This process is the same regardless of the NB-PUSCH subcarrier spacing. In case of 15 kHz subcarrier spacing and normal CP, there are 12 data symbols and 2 DMRS symbols. For 3.75 kHz subcarrier spacing, there are 7 symbols within a 2ms slot.
Link budget analysis from [2] showed that the legacy PUCCH (1ms) has a coverage level of 147.2 dB MCL. Although the PUCCH bandwidth is different and intra-subframe hopping is applied, the maximum UE transmit power is the same. In addition, NB-IoT receiver noise figure is 2dB better than assumed in [2] and the receiver noise bandwidth is significantly less with single-tone transmission. Therefore, it can be inferred that transmission time of 1ms may be sufficient in case of normal coverage (i.e. up to 144dB MCL) using single-tone transmission. This is significantly less than the 8ms minimum resource unit for 15 kHz case with single-tone transmission. For 3.75 kHz subcarrier spacing, the coverage will be even better due to lower occupied bandwidth. Therefore, the NB-PUSCH transmission time for ACK/NACK only transmission should be reduced.  
Proposal 2: In the case that uplink data is not scheduled, ACK/NACK is transmitted using single-tone NB-PUSCH channel structure. FFS the transmission time for ACK/NACK only transmission.
With respect to ACK/NACK resource selection, several options are available – explicitly indicated via DCI, semi-static configuration, and implicit determination. Explicit indication via DCI is the most flexible but will have the most overhead especially for 3.75 kHz subcarrier spacing. Implicit determination, however, is not preferred as this may be too restrictive for UL data scheduling. Semi-static configuration, however, would be problematic when trying to multiplex UEs with different coverage level. One potential solution is to configure a limited set of tones for ACK/NACK transmission and indicate one of those tones dynamically via DCI.
Proposal 3: A set of tones are configured for ACK/NACK transmission and, in case that uplink data is not scheduled, one of those tones is explicitly indicated via DCI.  
In case that uplink data is scheduled at the same time as ACK/NACK transmission, it is proposed that ACK/NACK is transmitted on the NB-PUSCH by puncturing data. This is because ACK/NACK has a more stringent QoS requirement than data (typically 1% for ACK/NACK compared to 10% for data) and therefore it is difficult to multiplex them together. Furthermore, the BLER operating point for data is typically up to the eNB and can vary based on scheduling strategy. Thus, it would be difficult to design a coding schemes for multiplex ACK/NACK and data together.
Proposal 4: In case that uplink data is scheduled, ACK/NACK is transmitted by puncturing NB-PUSCH transmission. 
CSI information helps with scheduling, MCS selection and link adaptation. Periodic CSI is not supported although aperiodic CSI can be considered. Aperiodic CSI report can be used at the discretion of the eNB. It can, e.g. be requested at the end of the uplink data transmission to help with MCS selection at the eNB. Therefore, it is proposed that aperiodic CSI report is supported for NB-IoT.
Proposal 5: Support aperiodic CSI report for NB-IoT.
3
Conclusion
In this contribution, we consider uplink control information for NB-IoT and make the following proposals –

Proposal 1: Both ACK and NACK are transmitted.
Proposal 2: In the case that uplink data is not scheduled, ACK/NACK is transmitted using single-tone NB-PUSCH channel structure. FFS the transmission time for ACK/NACK only transmission.
Proposal 3: A set of tones are configured for ACK/NACK transmission and, in case that uplink data is not scheduled, one of those tones is explicitly indicated via DCI. 
Proposal 4: In case that uplink data is scheduled, ACK/NACK is transmitted by puncturing NB-PUSCH transmission. 
Proposal 5: Support aperiodic CSI report for NB-IoT.
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