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Introduction
LTE UCI includes scheduling request (SR), HARQ-ACK, and channel state information (CSI) and either PUCCH or PUSCH is used for the transmission of UCI (SR is replaced by NSR on PUSCH). This contribution discusses the contents for NR UCI and corresponding transmission schemes while the relevant channel structure aspects are discussed in a companion contribution [2]. Regarding the UL control signaling, the following agreements were made in RAN1 #86 [1] and should be considered in the design of NR UCI.

RAN1#86 Agreements:
· The following is supported for NR 
· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported
· Some or all of the following timing relationships can be indicated to a UE dynamically by the L1 DL signaling (FFS: explicit or implicit)
· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)
· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)
· Note: Other means of indicating the timing relationship are not precluded
· Some or all of the following timing relationships can be indicated to a UE semi-statically (FFS: explicit or implicit)
· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)
· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)
· Note: Other means of indicating the timing relationship are not precluded

UCI contents
This section discusses UCI contents and corresponding transmission schemes. In LTE, UCI can be transmitted either by PUCCH or PUSCH. LTE PUCCH has multiple formats for supporting transmission of SR, HARQ-ACK feedback, CSI feedback, and their combinations. In NR, LTE UCI could be considered as a starting point. This section discusses aspects for each UCI type in the NR design.

Scheduling request (SR)
In LTE, SR is transmitted using PUCCH either solely or with other UCIs. Similarly, we need to define SR for NR and corresponding NR PUCCH should be defined. It is FFS whether separate periodic resources are configured for SR transmission or SR is based on PRACH transmission.  

HARQ-ACK
In LTE HARQ-ACK is transmitted via either PUCCH or PUSCH. If PUSCH is scheduled and simultaneous PUSCH and PUCCH transmission is not configured, then HARQ-ACK is transmitted in PUSCH by puncturing data REs while the reserved PUCCH resources are not used. This so called UCI piggyback scheme was introduced for supporting SC-FDMA in Rel-8. For more flexible resource utilization, simultaneous transmission of PUSCH and PUCCH was additionally introduced from Rel-10 but simultaneous PUCCH and PUSCH is not deployed as there is no IoT defined. Although the exact waveforms for NR UL are not yet fully concluded, at least when OFDM is used separate transmission of PUCCH and PUSCH is preferable even when PUSCH is scheduled.
In addition, RAN1 agreed that HARQ-ACK feedback for multiple DL transmissions in time can be transmitted at a same time. For this agreement, there can be multiple options: (a) transmission of separate PUCCHs for multiple HARQ-ACKs, (b) transmission of one PUCCH with multiple HARQ-ACKs, and (c) transmission of one PUCCH with one bundled HARQ-ACK. The first option is simple but it has to consider appropriate power control and PUCCH resource utilization. The second option requires larger size of HARQ-ACK bits in order to cover possible multiple HARQ-ACKs. The third option may not be suitable for the case that only some of DL transmissions are NACKed. 

Channel State Information (CSI)
In LTE, there are two different CSI feedback procedures, periodic CSI feedback on PUCCH and aperiodic CSI reporting on PUSCH. However whether both periodic and aperiodic CSI reporting are needed or only aperiodic CSI reporting is enough and how many CSI reporting modes are required depend on NR MIMO discussions.
If only aperiodic CSI reporting is defined, there is no need to design NR PUCCH that conveys CSI reporting. Also, depending on the required number of CSI reporting formats, the CSI contents can be different. Therefore, detailed discussion on CSI contents and transmission schemes can be an outcome of MIMO discussions.

Conclusions
This contribution discusses the design aspects for NR uplink control channels and proposes following proposals.
Proposals:
· Define SR for NR and corresponding PUCCH 
· Support simultaneous transmission of PUCCH and PUSCH when OFDM is used for UL
· CSI contents and transmission schemes are an outcome of MIMO discussions
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