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1 Introduction
From RAN1 #87 to RAN1#89 meeting, the followings have been agreed on multiplexing for PUCCH and PUSCH [1]-[3].
	Agreements at RAN1 #87: 
· 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

Agreements at RAN1 NR Ad-hoc#1: 
· 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

Agreements at RAN1 #89:
· Confirm that UCI piggyback on PUSCH is supported for both DFT-s-OFDM waveform and CP-OFDM waveform.
· FFS: Whether common UCI piggyback rule for different waveforms.



In this contribution, we discuss simultaneous transmission of PUSCH and PUCCH with long duration and provide our view how to efficiently support simultaneous transmission of PUSCH and PUCCH at least for the long PUCCH format for NR.
Discussion on simultaneous transmission of long-PUCCH and PUSCH
For multiplexing between PUSCH and long PUCCH, there are two options such as UCI on PUSCH and simultaneous transmission of PUSCH and long PUCCH. Similar to LTE under a waveform of DFTs-OFDM, piggybacking UCI on PUSCH should be supported as a baseline due to the fact that simultaneous transmission of PUSCH and long PUCCH can incur severe intermodulation distortion (IMD) by widely separated freq. resource between PUSCH and long PUCCH. 
On the other hand, several methods for effectively resolving the IMD issue have been proposed [4]-[5]. One method is to not make a separation in the frequency domain between the PUSCH and the PUCCH by moving the PUCCH resource to the side of the allocated PUSCH resource in order to avoid or alleviate the IMD problem. Another method has been proposed in which a PUCCH resource is allocated to inside the allocated PUSCH resource as shown figure 1. In the latter case, there may be several issues that need to be solved. First, whether/how to allocate a PUCCH resource to a symbol position of a front-loaded UL DMRS on the allocated PUSCH resource should be addressed. As a method for this, using a shortened PUCCH for not allocating a PUCCH to symbol position of the front-loaded UL DMRS may be considered as shown in figure 1.
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Figure 1. PUCCH transmission avoiding UL DMRS collision when moving PUCCH inside PUSCH for simultaneous transmission of PUSCH and PUCCH

Next, we need to consider how to set the puncturing or rate-matching of the PUSCH due to the PUCCH resource allocated on the PUSCH resource when the PUCCH resource is moved into the PUSCH resource. Regarding PUCCH transmission including HARQ-ACK for DL ​​transmission, puncturing REs corresponding to the PUCCH transmission on the PUSCH resource should be performed. For CSI periodically transmitted on PUCCH, as similar to UCI on PUSCH in LTE, rate-matching needs to be performed.
· Proposal: DFTs-OFDM waveform based UCI piggyback on PUSCH should be supported as a baseline due to intermodulation distortion issue, however it should be further investigated how to support simultaneous transmission of PUSCH and long PUCCH.
2 Conclusion
In this contribution, we have discussed simultaneous transmission of PUSCH and PUCCH with long duration and provide our view how to efficiently support simultaneous transmission of PUSCH and long PUCCH format as follows:
· Proposal: DFTs-OFDM waveform based UCI piggyback on PUSCH should be supported as a baseline due to intermodulation distortion issue, however it should be further investigated how to support simultaneous transmission of PUSCH and long-PUCCH.
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