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Introduction
Up to RAN1 #87ah, the following related to simultaneous transmission of PUSCH and UCI has been agreed:
Agreements [1]
· 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 [2]
· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
· [bookmark: _GoBack]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’
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.
Agreements: [3]
· For PUCCH in long-duration,
· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.
· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-slot frequency-hopping is supported

In this contribution we discuss UCI on PUSCH for DFTS-OFDM and OFDM-based PUSCH.
Discussion
LTE UL uses DFTS-OFDM waveform which has low PAPR and by that enables good coverage. Transmission of two independent waveforms would increase PAPR resulting in more required power back-off and reduced coverage. Therefore, LTE specified UCI on PUSCH which is used if UE is requested to transmit PUSCH and UCI simultaneously (in Rel-10 this has been relaxed and simultaneous transmission of PUSCH and PUCCH has been introduced). For UCI on PUSCH, UCI which in the absence of PUSCH would have been transmitted on PUCCH is rerouted to PUSCH and rate matched/punctured (depending on UCI type) into PUSCH.
DFTS-OFDM waveform has been adopted in NR to improve coverage for power-limited terminals. For DFTS-OFDM PUSCH it makes sense to maintain low PAPR even if UCI should be transmitted simultaneously with PUSCH to maintain coverage. UCI on PUSCH for DFTS-OFDM-based PUSCH is an attractive candidate for simultaneous transmission of PUSCH and UCI. Simultaneous transmission of PUSCH and PUCCH is less attractive since this would increase PAPR and reduce coverage. 
For OFDM-based PUSCH the benefits of UCI on PUSCH – given that simultaneous transmission of PUSCH and PUCCH is supported – is less clear. OFDM has already a high PAPR which does not increase if PUCCH is transmitted simultaneously. One drawback of simultaneous PUSCH and PUCCH is the required power back-off to avoid intermodulation products if PUSCH and PUCCH resources are far separated in frequency-domain. To avoid this problem contributions [4] and [5] propose to move PUCCH close/inside PUSCH resources. 
The advantages of simultaneous PUSCH and PUCCH transmission is its simplicity, both physical channels can to a large extend be transmitted without modifications compared to PUSCH-only or PUCCH-only transmission.
Proposal: Focus standardization work of UCI on PUSCH on DFTS-OFDM-based PUSCH. For OFDM-based PUSCH, simultaneous transmission of PUSCH and PUCCH should be prioritized in standardization work.
Depending on UCI payload sizes and supported PUCCH payloads UCI on PUSCH may become even important for OFDM-based PUCCH if PUCCH would not provide sufficient payload. In this case even UCI on PUSCH for OFDM-based PUSCH would need to be prioritized.
Conclusion
This paper discusses UCI on PUSCH for DFTS-OFDM-based PUSCH and OFDM-based PUCCH. The following is proposed:
Proposal: Focus standardization work of UCI on PUSCH on DFTS-OFDM-based PUSCH. For OFDM-based PUSCH, simultaneous transmission of PUSCH and PUCCH should be prioritized in standardization work.
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