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Background
In RAN1 #86, the following was agreed on UCI types, UCI reporting on PUCCH and PUSCH. 
Agreements:
· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
· 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:
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently

If PUCCH and PUSCH waveforms and/or numerologies can be configured separately, a PUCCH and a PUSCH may have different waveforms and/or numerologies, and simultaneous PUCCH and PUSCH transmission may not always be feasible. 
In this contribution, we discuss the conditions of simultaneous PUCCH and PUSCH transmission, and considerations for UCI multiplexing on PUSCH if simultaneous PUCCH and PUSCH transmission is not possible. 
5G NR PUCCH and PUSCH formats 
In LTE with normal 1ms TTI, a PUCCH or a PUSCH is defined to occupy all symbols of a 1ms TTI. Thus, the transmission timing of PUCCH and PUSCH are always aligned. 
In 5G NR, the PUCCH and PUSCH formats may be configured independently for a UE. The waveform type and/or numerologies of a PUCCH and a PUSCH can be the same or different. The NR uplink control channel (PUCCH) formats should support both short PUCCH formats and long PUCCH formats. A short PUCCH occupies one or 2 symbols, and a long PUCCH can span over multiple slots. Also, the PUSCH for NR can be very flexible, e.g. the length of a PUSCH could be a mini-slot, a slot, or multiple slots. 
Moreover, the PUCCH and PUSCH transmission may not be aligned with each other. A PUCCH and a PUSCH may fully overlap or partial overlap with each other, e.g. a short PUCCH may within a PUSCH transmission; a long PUCCH may be shorter or longer than a PUSCH transmission. 
Observation 1: NR PUCCH and PUSCH collision cases are complicated due to flexible channel formats.

Simultaneous PUCCH and PUSCH transmission 
If a PUCCH and PUSCH are configured with different waveforms and/or numerologies, e.g. one with CP-OFDM and one with DFT-S-OFDM, it could be difficult to perform simultaneous transmissions with a single RF chain. Thus, simultaneous PUCCH and PUSCH can be supported at least if the same waveform and numerology are used on both channels. If different waveforms and numerologies are used on PUCCH and PUSCH, further study is needed on whether it is feasible, and if so how to support simultaneous PUCCH and PUSCH transmission.
If simultaneous PUCCH and PUSCH transmission is supported, the PUCCH transmission has higher priority. In case of overlapping REs between a PUCCH and a PUSCH, the PUCCH signal should be transmitted and the PUSCH RE should be dropped. Furthermore, power scaling may be applied on PUSCH REs in the same symbol in power limited case.
Proposal 1: Simultaneous PUCCH and PUSCH should be supported if the same waveform and numerology are used on both channels. FFS on other cases.

PUCCH and PUSCH collision handling 
If simultaneous PUCCH and PUSCH transmission is not supported, the UCI should have higher priority than data transmission. The UCI can be reported on either PUCCH or PUSCH. Thus, at least two methods can be considered for UCI reporting in case of PUCCH and PUSCH collision.

A) Prioritize PUCCH
A simple solution is to prioritize PUCCH transmission, and drop the PUSCH REs on of the overlapping symbols with PUCCH. This may be desirable in case of short PUCCH transmission since only 1 or 2 symbols are punctured on the PUSCH. 
However, in case of collision with a long PUCCH, puncturing many symbols on PUSCH may lead to bad performance for data reception. Therefore, UCI multiplexing may be a better choice to handle collision between a long PUCCH and a PUSCH.
B) UCI multiplexing on PUSCH
In LTE with 1ms TTI, the PUCCH and PUSCH all use the same number of symbols. Thus, UCI multiplexing can be performed without considering the UCI timing issues. 
However, in NR, the PUCCH starting and/or ending may be different from the PUSCH transmission. For example, the association timing of a HARQ-ACK feedback carried on a PUCCH should be maintained even if the UCI is multiplexed on a PUSCH instead. Therefore, in order to maintain the UCI timing provided by the PUCCH feedback, the UCI should be multiplexed on overlapping symbols between the PUCCH and PUSCH.
Proposal 2: Different handling methods may be used for PUSCH collision with different PUCCH formats in case of simultaneous PUCCH and PUSCH transmission is not supported.

Conclusion
In this contribution, we analyze the potential UCI reporting issues on PUCCH and PUSCH. Especially, we discuss the conditions to support simultaneous PUCCH and PUSCH transmission; and different collision handling methods if simultaneous PUCCH and PUSCH transmission is not supported. We propose that:
Proposal 1: Simultaneous PUCCH and PUSCH should be supported if the same waveform and numerology are used on both channels. FFS on other cases.
Proposal 2: Different handling methods may be used for PUSCH collision with different PUCCH formats in case of simultaneous PUCCH and PUSCH transmission is not supported.
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