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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. 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 previous RAN1 meetings and should be considered in the design of NR UCI.

	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

· At least two ways of transmissions are supported for NR UL control channel
· UL control channel can be transmitted in short duration
· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot
· TDMed and/or FDMed with UL data channel within a slot
· UL control channel can be transmitted in long duration
· over multiple UL symbols to improve coverage
· FDMed with UL data channel within a slot
· FFS how to multiplex with SRS
· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth

· Study at least the following operations to be supported in NR, from a single UE perspective
· Case 1: UL data and UCI are FDMed where the resource for UCI is not   a part of the resource allocated for UL data 
· Case 2: UL data and UCI are TDMed where the resource for UCI is not   a part of the resource allocated for UL data 
· Case 3: UL data and UCI are multiplexed where the resource for UCI is  a part of the resource allocated for UL data
· FFS: how different types of UCI are handled
· Further study on other possibilities is 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. And from the agreement in RAN1#86bis, at least two ways of transmissions are supported for PUCCH: short PUCCH and long PUCCH. This section discusses aspects for each UCI type in the NR design and which PUCCH formats will be needed for the UCI transmissions.

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 resources are periodically 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.  In RAN1 #86bis it was agreed that NR supports DFT-S-OFDM based waveform complementary to CP-OFDM waveform for up to 40GHz (UE mandatory and gNB optional) [1]. Therefore, UCI piggyback scheme can be simply reused at least for the case that DFT-S-OFDM is configured. Whether UCI piggyback scheme is also applied for the case that CP-OFDM is configured is FFS, but it may be beneficial to have it for CP-OFDM case as well from the perspective that it is desirable to have a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms.
RAN1 also agreed that HARQ-ACK feedback for multiple DL transmissions in time can be transmitted in one UL region. 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 does not guarantee the single carrier property if DFT-S-OFDM is configured. The second option supports DFT-S-OFDM waveform but requires larger size of HARQ-ACK bits in order to cover possible multiple HARQ-ACKs. The third option makes it possible to have just one PUCCH with the same format even for various HARQ-ACKs but it may show performance degradation especially in the case that only some parts of DL transmissions are NACKed. 
The number of bits for HARQ-ACK may range from 1 bit to a few bits. Short PUCCH may be desired in normal deployment scenarios. However, long PUCCH format also has to be specified for HARQ-ACK in order to support sufficient coverage.

Channel State Information (CSI)
In LTE, there are two different CSI feedback procedures, periodic CSI feedback on PUCCH and aperiodic CSI reporting on PUSCH. Last RAN1 meeting [1], there were agreements that aperiodic CSI reporting is supported and either periodic CSI reporting or semi- persistent CSI reporting is also supported.
Agreements:
· NR supports at least one of following:
· Periodic CSI reporting 
· It can be configured by higher layer
· Semi-persistent CSI reporting
· Configuration of CSI reporting can be activated or de-activated
· FFS: Activation and de-activation mechanism
· NR supports aperiodic CSI reporting

For the aperiodic CSI reporting, NR PUSCH may be the proper choice as is LTE, However, NR PUCCH may be used for periodic CSI reporting or semi-persistent CSI reporting. The number of bits for CSI is yet determined but it may need larger bit size compared to HARQ-ACK. From the information size perspective, long PUCCH format has to be considered for the transmission of CQI. However, RAN1 needs more study whether short PUCCH format is used for CQI reporting or not 

Beam related information
Beam related information is mainly for the multi-beam based approaches especially for frequency band over 6GHz. If analog beamforming or hybrid beamforming is used with large number of antennas, there can be frequent changes of best analog beam for a UE and the UE has to report the beam related information for the tracking of best beams. The beam information may include at least one or multiple set(s) of beam index and relevant beam strength. Whether it is transmitted periodically or aperiodically, and whether it is transmitted via PUSCH and/or PUCCH could be an outcome of MIMO discussions.

[bookmark: _GoBack]Conclusions
This contribution discusses the design aspects for NR uplink control channels and proposes following proposals.
Proposals:
· NR UCI consists of at least SR, HARQ-ACK, CQI, and beam related information
· Define SR for NR and corresponding PUCCH
· Both short PUCCH and long PUCCH are considered for the transmission of HARQ-ACK 
· Long PUCCH is considered for the transmission of CQI. FFS Whether short PUCCH is needed or not.
· UCI piggyback on PUSCH is supported at least for DFT-S-OFDM
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