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1 Introduction

In this contribution, some considerations on the UCI contents and transmission for NB-IoT are discussed, and several proposals to guide the design of the contents and physical transmission of UCI are given.

2  Discussion
It is a common view that implementing physical-layer ARQ can acquire the benefits of HARQ, e.g., diversity gain and adaptive retransmission. Without physical-layer ARQ, the eNB has to only rely on RLC-level ARQ. Although this mechanism is feasible, it would lose the benefits of HARQ and is less efficient. 
Proposal 1: UCI includes ACK/NACK.
For scheduling request (SR), if SR is absent in UCI, it can only be provided through the random access procedure. According to the traffic models agreed since the GERAN CIoT study, the NB-IoT system needs to support UEs with mobile autonomous periodic report and exception reports for UL traffics, so the scheduling request only via random access fulfills the requirements. UE would go back to an idle state after one transmission period, and initiate a new random access process when it has new data transmission.
Proposal 2: SR can only be transmitted via the random access procedure for NB-IoT UEs.

For CQI, NB-IoT UEs may usually be static or move at a low mobility, so the channel quality of these UEs may not be changed frequently. Hence, CQI reporting may not be needed for MCL of 164 dB. For 144 dB and 154 dB MCL, the CQI reporting may be useful. However, considering UE’s traffic periodicity is large, aperiodic CQI reporting could be considered. 

For PMI/RI, in our companion contribution [1], we propose that there are two transmission modes for NB-IoT: single antenna port; and two antenna port SFBC. Thus, spatial multiplexing with multiple layers is not supported and no PMI and RI reporting are needed. 

Proposal 3: Periodic CSI reporting is not supported for NB-IoT UEs.
3 UCI Transmission
In LTE, UCI can be transmitted on PUCCH. In order to support UCI transmission for NB-IoT, the following alternatives can be considered:

· Alt 1: UCI is transmitted over NB-PUCCH 
By using similar structure as LTE PUCCH in NB-IoT, with extension to support sub-PRB resource grants and mapping, and single-tone transmission. The need to support flexible subcarrier allocation and different UCI contents is likely to mean there is little re-use of LTE possible.
· Alt 2: UCI is transmitted in NB-PUSCH 
Similar as LTE concepts, NB-PUSCH can also supports UCI transmission. Multiplexing UCI in NB-PUSCH may simplify the design and be helpful to standard progress. The minimum TB size for UCI transmission within NB-PUSCH can be used if UL data transmission is not scheduled. If UL data transmission is scheduled, the multiplexing between data transmission and UCI is necessary. The DCI can indicate the PUSCH resource for UCI transmission. However, the overhead of CRC should be considered if UCI only PUSCH is transmitted. If no significant issues occur, for NB-IoT, we should avoid introducing more physical channels. As a result, we have slight preference on UCI transmitting in NB-PUSCH in view of reduced UL channel type for NB-IoT UEs. 
· Alt 3: Design a new control channel to transmit UCI. 
Apparently, significant specification impact will arise for Alt3. A lot of aspects for new control channel need to be addressed. For example, new resource element mapping and channel multiplexing among different UEs should be considered for Alt3. In practice, there may not be any big difference between having all the re-designs needed to borrow LTE PUCCH and creating a whole new physical channel. Considering very limited time for NB-IoT in Rel-13, Alt3 can be considered in future release.
Proposal 4: UCI can be transmitted only on NB-PUSCH.
4 Conclusions 

In this contribution, preliminary considerations on the UCI contents and transmission for NB-IoT are discussed, and the following proposals are given.
Proposal 1: UCI includes ACK/NACK.
Proposal 2: SR can only be transmitted via the random access procedure for NB-IoT UEs.
Proposal 3: Periodic CSI reporting is not supported for NB-IoT UEs.
Proposal 4: UCI can be transmitted only on NB-PUSCH.
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