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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
This contribution relates to DFT-S-OFDM scenarios for new radio. The specific issue to be considered is the connection between UL Waveform and UL physical layer design. In the previous RAN1 meetings, the following agreements related to UL waveform were made [3][4][5]:
Agreements: [3]
· 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.
· Discuss further offline for possible refined evaluation assumptions/methodology for waveform evaluations.

Agreements: [4]
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data
· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data
· At least a low PAPR/CM design should be supported for the ‘long PUCCH’

Agreements: [5]
· For PUCCH in long-duration,
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.

2 Discussion 
At least two transmission durations are supported for uplink control signalling according to RAN1#86bis agreements: 
· one short around the last OFDM symbol in a slot, TDM:ed or FDM:ed with data
· one long spanning multiple symbols (e.g. filling most of a slot or slots), FDM:ed with data.
It is commonly understood, e.g. based on [6], that motivation behind introduction of long PUCCH spanning multiple symbols is to provide good coverage for the uplink control channel and short PUCCH suffers from limited coverage area. Hence, long PUCCH will be the natural PUCCH option for link budget limited scenarios [7]. 
The motivation behind introduction of DFT-S-OFDM as a complementary waveform in the new radio UL is to provide at least the same link budget (i.e. MCL) as LTE UL. Based on that, it can be noted that neither short PUCCH nor mini-slot are reasonable options for DFT-S-OFDM. This is due to the fact, that DFT-S-OFDM with one or two OFDMA symbols is not a good option for link budget limited scenarios. 
Furthermore, single carrier limitation can be seen as a considerable constraint for the physical layer design and performance in these scenarios [8]. For example, in a typical case, short PUCCH consists of one OFDMA symbol only. In this kind of scenario, it is not possible to have reasonable PUCCH functionality and performance according to single carrier design. This indicates that is very difficult if not impossible to fulfil the following agreement with short PUCCH based on DFT-S-OFDM: “RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity)”. 
Based on the discussion above, we make the following proposals:
Proposal #1: Short PUCCH design is based on CP-OFDM, not DFT-S-OFDM, at least in NR Phase I 
Proposal #2: Mini-slot design is based on CP-OFDM, not DFT-S-OFDM, at least in NR Phase I 

As said, from link budget point of view, DFT-S-OFDM can be seen as a reasonable option for long PUCCH. Based on that, it has already been agreed that for PUCCH in long-duration, DFT-s-OFDM waveform is supported. Furthermore, it seems that the room for CP-OFDM –specific optimization for long PUCCH is quite limited [6]. Hence, it seems that a common solution (except for DFT-S added in case of DFT-S-OFDM) for long PUCCH is sufficient to cover both CP-OFDM and DFT-S-OFDM scenarios.
Proposal #3: Long PUCCH applies a common desing for both DFT-S-OFDM and CP-OFDM wavefors.
In order to minimize the scheduler complexity and improve flexibility and performance, there is a need to support uplink control information (such as HARQ-ACK) transmission simultaneously with UL data. According to decisions made in RAN1 #87 the following functionalities are supported by NR design:
· Simultaneous transmission of PUCCH and PUSCH at least for the long PUCCH format
· Multiplexing of UCI and UL data on PUSCH resources
Again, from link budget point of view, simultaneous transmission of PUCCH and PUSCH cannot be seen as a reasonable option for DFT-S-OFDM and therefore it makes sense only for CP-OFDM waveform. At the same time, LTE provides a TDM solution according to a low PAPR/CM design, and similar principles can be reused also for NR. However, as discussed in [9] there are possibilities to maximize commonality between UCI multiplexing with CP-OFDM and DFT-S-OFDM. These possibilities should be maximally capitalized in the NR.

Proposal #4: Simultaneous transmission of long PUCCH and PUSCH is supported only with CP-OFDM waveform.
3	Conclusions
In this contribution we have the connection between UL Waveform and UL physical layer design. Based on the discussion, we make the following proposals:
Proposal #1: Short PUCCH design is based on CP-OFDM, not DFT-S-OFDM, at least in NR Phase I 
Proposal #2: Mini-slot design is based on CP-OFDM, not DFT-S-OFDM, at least in NR Phase I 
[bookmark: _GoBack]Proposal #3: Long PUCCH applies a common desing for both DFT-S-OFDM and CP-OFDM wavefors
Proposal #4: Simultaneous transmission of long PUCCH and PUSCH is supported only with CP-OFDM waveform.
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