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Background
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. 

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 NR, the PUCCH and PUSCH formats may be configured independently for a UE. 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. 
Therefore, in NR, 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. 
Thus, in NR, collision cases between PUCCH and PUSCH are more complicate, and more aspects should be considered including the timing, length and starting position of PUCCH and PUSCH.
Observation 1: NR PUCCH and PUSCH collision cases are more complicated due to flexible channel formats.

Simultaneous PUCCH and PUSCH transmission 
The waveform type and/or numerologies of a PUCCH and a PUSCH can be the same or different, and simultaneous PUCCH and PUSCH transmission may not always be feasible. 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. 
Simultaneous PUCCH and PUSCH can be supported at least if the same waveform and numerology are used on both channels. For power unlimited case, compared with UCI multiplexing on PUSCH, simultaneous PUCCH and PUSCH transmission is a simple solution because there is no need to modify scheduled channel contents. In power limited case, the PUCCH transmission should be given with higher priority; power scaling may be applied on PUSCH REs in the same symbol. 
In case of overlapping REs between a PUCCH and a PUSCH, the PUCCH signal should be transmitted and the PUSCH RE should be dropped. If different waveforms and numerologies are used on PUCCH and PUSCH, RAN1 should further study the feasibility of simultaneous PUCCH and PUSCH transmission. 
Proposal 1: Simultaneous PUCCH and PUSCH should be supported at least for the cases of the same waveform and numerology is used. 

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. Several methods can be considered for UCI reporting.
A) Prioritize PUCCH, drop overlapping PUSCH symbols
A simple solution is to prioritize PUCCH transmission. Thus, the overlapping symbols between PUCCH and PUSCH should be used to PUCCH transmission only. 
· For short PUCCH transmission, this may be desirable since only 1 or 2 symbols are punctured on the PUSCH. 
· For long PUCCH transmission, dropping too many symbols on PUSCH may lead to bad performance for data reception.
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. In NR, as agreed in RAN1 #89 [1], UCI piggyback on PUSCH is supported for both DFT-s-OFDM waveform and CP-OFDM waveform.
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 same 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 collision issues between 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 at least for the cases of the same waveform and numerology is used. 
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.

References
[1] [bookmark: _Ref465762750][bookmark: _Ref462143313][bookmark: _Ref450725503][bookmark: _Ref419186016][bookmark: _Ref399316577][bookmark: _Ref275976890][bookmark: _Ref302982356][bookmark: _Ref314143987][bookmark: _Ref318668252][bookmark: _Ref319185883]Chairman’s note RAN1 #89
1

