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Introduction
In the past meetings, decisions have been made concerning the NR waveform up to 40MHz, at least for eMBB. In RAN1#86, it was decided that [1]: 
· At least up to 40 GHz for eMBB and URLLC services, NR supports CP-OFDM based waveform
· From RAN1 perspective, spectral confinement technique(s) (e.g. filtering, windowing, etc.) for a waveform at the transmitter is transparent to the receiver
In RAN1#86b it was also decided that a second waveform is supported in UL at least for eMBB data transmission [2]: 
· 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
It was considered that for the support of DFT-S-OFDM as a second complementary UL waveform, some precautions need to be taken [2]: 
· 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 contribution, we investigate the need and feasibility of a common framework in terms of UL control channel between DFT-s-OFDM and OFDM. 

Necessity of a common framework
From an implementation point of view, DFTsOFDM and OFDM waveforms are very similar, DFTsOFDM being a precoded version of OFDM, where the DFT precoding has the property of reducing the PAPR. This property was considered important especially for link-budget limited users (e.g. cell-edge users). 
Having a common framework between DFTsOFDM and OFDM simplifies the specification effort and common design should be used whenever it does not engender any performance degradation, or when it can enable performance gain through, e.g., interference cancellation/mitigation methods. Nevertheless, simplifying the specification effort should not compromise the system performance in the cases where there is no clear need of commonality.

Common framework in terms of UL control channel
In the last RAN1#86b meeting, the following was decided [2] concerning UL control channel design
· 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

Uplink transmission is known to be the bottleneck for cell coverage. Control transmission is more critical than data transmission. For good coverage properties, low PAPR during PUCCH transmission is important especially in link budget limited scenarios.
In NR, it is considered that at least two ways of transmissions are supported for NR UL control, a short and a long duration [2]. 
A short duration (1 or 2 OFDM symbols at the end of a slot) enables low latency services with very short delay requirements. UL data and UCI can be TDMed regardless of the configured waveform for data transmission. A unified design for short duration PUCCH is desirable. PUCCH payload will be small compared to PUSCH payload, and distributed PUCCH mapping or frequency-domain scalable PUCCH design (with variable number of PRBs used by PUCCH transmission) can achieve frequency diversity gain. PUCCH can also use higher subcarrier spacing than PUSCH allowing fitting several PUCCH symbols within the duration of a PUSCH OFDM symbol. Such an approach can enable PUCCH RS/PUCCH payload TDM and/or frequency diversity gain (larger frequency span due to larger SCS, possibility of frequency hopping between the pairs of PUCCH symbols, etc).
Proposal 1: Support Case 2 for short duration UL control channel.
Proposal 2: Aim for low PAPR short UL control channel with unified design between users configured with different waveforms.
A long duration UL control channel was agreed to be supported to improve coverage. This long PUCCH will span for example over all the OFDM symbols in the UL part of a slot. Long duration PUCCH targeted for coverage improvement should thus have low PAPR. Long PUCCH (targeted for coverage improvement) +PUSCH simultaneous transmission should not degrade the PAPR especially with link budget limited users it is targeted for. Case 1 should be avoided for UEs configured with DFTsOFDM if it results in PAPR degradation.
In the absence of PUSCH transmission, low-PAPR waveform should be used for PUCCH, possibly with transmit diversity techniques when needed. In the presence of PUSCH transmission, PUCCH transmission embedded in PUSCH transmission (Case 3) is an interesting solution regardless of the waveform configured for PUSCH transmission, since it allows several benefits, such as low control channel overhead, minimization of dedicated resources, etc. 
Proposal 3: For simultaneous UL data and UL control transmission support Case 3 for long duration UL control channel regardless of the waveform configured for UL data transmission.
Proposal 4: Support DFTsOFDM long duration UL control transmission in the absence of UL data transmission.

Conclusion
From an UL control point of view, common framework design between DFTsOFDM and OFDM can be achieved without performance degradation for OFDM. 
Proposal 1: Support Case 2 for short duration UL control channel.
Proposal 2: Aim for low PAPR short UL control channel with unified design between users configured with different waveforms.
Proposal 3: For simultaneous UL data and UL control transmission support Case 3 for long duration UL control channel regardless of the waveform configured for UL data transmission.
Proposal 4: Support DFTsOFDM long duration UL control transmission in the absence of UL data transmission.
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