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1 Introduction
During RAN1#86bis meeting, RAN1 agreed to support two ways of transmissions for NR uplink (UL) control channel, transmission in long duration and in short duration, and for UE to support both CP-OFDM and DFT-S-OFDM based waveforms for uplink. Furthermore, different ways to multiplex UL data and UL control information (UCI) of a given UE were identified for further study. The specific agreements related to these are provided below [1]: 
Agreements for UL control channel:

· 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
· For UL control channel in short duration,

· 1 symbol duration of a slot is supported.
· FFS: a few symbol duration of a slot is supported.
· Mechanism enabling frequency-diversity is supported.
· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.
· UE-specific RS is used for NR-PUCCH transmission
· 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
Agreements for NR uplink waveform:

· NR support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

· FFS additional low PAPR techniques 

· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.

In this document, we discuss various aspects of new RAT physical uplink control channel (NR-PUCCH) design, and .
2 Discussion on uplink control channel
2.1 Usage of short and long NR-PUCCHs 

A short NR-PUCCH is placed in last part of a slot (e.g. 1-2 symbol period), and a long NR-PUCCH may span over the slot or more than 50% of the slot duration. Due to a short transmission period, it is expected that the short NR-PUCCH is mainly used for transmission of scheduling request (SR), a small number of HARQ-ACK bits (e.g. up to 8 bits) with low HARQ round trip time delay, and limited CSI report (e.g. indication on change of the best DL beam) for non-power limited UEs. The long NR-PUCCH can be used for transmission of full CSI report (e.g. interference measurement and report with multiple interference hypotheses), and/or a larger number of HARQ-ACK bits from slot aggregation and/or carrier aggregation, and/or for transmit (Tx) power limited UEs. 
From a network (system) perspective, long and short NR-PUCCHs can be multiplexed in a given slot. For a given UE, the UE can be configured with using both long and short NR-PUCCHs, unless the UE is in Tx power-limited conditions for all serving transmission and reception points (TRPs). 

Proposal 1: Study the maximum supportable payload size (e.g. the maximum number of HARQ-ACK bits) for short NR-PUCCH.  
2.2 Waveform

Considering that a DFT-S-OFDM based waveform targets for link budget limited cases, a short NR-PUCCH may be always transmitted with a CP-OFDM waveform. A long NR-PUCCH can be transmitted with either the CP-OFDM or DFT-S-OFDM based waveform, depending on indication from a network. A UE may be configured via a higher layer signalling to use either OFDM or DFT-S-OFDM for transmission of long NR-PUCCH, based on cell or TRP measurement (e.g. RSRP) and report. Alternatively, the UE may be indicated dynamically via downlink control information (DCI) signalling (implicitly or explicitly) for a selected waveform. The selection may depend on a target TRP of a given long NR-PUCCH.  

Proposal 2: Short NR-PUCCH is always transmitted with CP-OFDM.  

2.3 Multiplexing of UCI and DM RS
Assuming that short NR-PUCCH is always transmitted with CP-OFDM, frequency division multiplexing (FDM) of UCI and DM RS in short NR-PUCCH may be more resource efficient. In NR, gNB and UE beamforming are envisioned in frequency bands above 6GHz. The coherence bandwidth of a beamformed channel is likely to be quite large allowing sparse DM RS allocation in the frequency domain. In addition, as UCI transmission is likely via a single-layer transmission or Tx diversity, only 1 or 2 DM RS antenna ports per UE are needed. Time division multiplexing (TDM) of UCI and DM RS by using a larger subcarrier spacing for short NR-PUCCH than a subcarrier spacing of a data channel would further reduce the coverage of short NR-PUCCH and accordingly, would limit the usability of short NR-PUCCH.   
For long NR-PUCCH, TDM of UCI and DM RS can support both CP-OFDM and DFT-S-OFDM. Further optimization on DM RS allocation compared to DM RS of LTE PUCCH can be considered, together with multi-user multiplexing of UCI in long NR-PUCCH.    
Proposal 3: UCI and DM RS in short NR-PUCCH is FDMed.  Study UCI and DM RS multiplexing for long NR-PUCCH considering payload size and waveform support.
3 Transmission of UL data and UCI
Figure 1 shows an exemple use of a slot from a system perspective. As shown in Figure 1, short NR-PUCCH can be FDMed with long NR-PUCCH and NR physical uplink shared channel (NR-PUSCH) carrying UL data, with the short NR-PUCCH TDMed with NR-PUSCH in the slot. From a UE perspective, NR-PUSCH and short NR-PUCCH can be TDMed within the slot. In addition, depending on UE hardware capability (e.g. number of antenna panels, power amplifier characteristics) and waveform configurations, NR-PUCCH and NR-PUSCH can be FDMed.  
For some cases, a given UE may be scheduled with transmissions of a long NR-PUSCH (or a long NR-PUCCH) and a short NR-PUCCH within a slot with overlap during the short NR-PUCCH symbols. This can occur for example, when a scheduling grant for NR-PUSCH is received in a slot (e.g., slot n-2) other than the slot (e.g., slot n-1) in which low latency DL data is received for which a HARQ-ACK is to be transmitted on short NR-PUCCH in the same slot (e.g., slot n) as the scheduled NR-PUSCH . Instead of NR-PUSCH, a semi-static configured long NR-PUCCH transmission for full/periodic CSI report may occur in slot n. 
Concurrent scheduled transmissions of UL data and UCI within a slot may occur more often in an uncoordinated way (e.g. different overlap in time, different waveforms), with mixed low-latency and normal traffics of the UE and flexible timing relationship between DL data reception and corresponding acknowledgement or between UL scheduling grant reception and corresponding UL data transmission. Support for different multiplexing options of uncoordinated UCI and UL data within the slot with minimal performance impact, taking into account various UE beamforming architectures/hardware capability and deployment scenarios should be studied.
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Figure 1 Example of slot usage in a system perspective  
Proposal 4: Study support for different multiplexing options of uncoordinated UCI and UL data within a slot with minimal performance impact, taking into account various UE beamforming architectures/hardware capability and deployment scenario.
4 Summary

In summary, we propose the followings for NR uplink control channel design:

· Proposal 1: Study the maximum supportable payload size (e.g. the maximum number of HARQ-ACK bits) for short NR-PUCCH.  
· Proposal 2: Short NR-PUCCH is always transmitted with CP-OFDM.  
· Proposal 3: UCI and DM RS in short NR-PUCCH is FDMed. Study UCI and DM RS multiplexing for long NR-PUCCH considering payload size and waveform support.
· Proposal 4: Study support for different multiplexing options of uncoordinated UCI and UL data within a slot with minimal performance impact, taking into account various UE beamforming architectures/hardware capability and deployment scenario.
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