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1 Introduction
From RAN1#87 to RAN1 NR-Adhoc#3 meeting, the followings have been agreed on UCI multiplexing for NR [1]-[5].
	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.
Conclusions at RAN1 #89:
· Continue further study of UCI piggyback of following options:
· Opt.1: For all types of UCI, UL data is rate-matched.
· FFS: the case where UE missed the DL assignment.
· Opt.2: For all types of UCI, UL data is punctured.
· Opt.3: At least for UCI other than HARQ-ACK, UL data is rate-matched, while for HARQ-ACK, UL data is punctured.
· FFS: handling of large HARQ-ACK payload

Agreements at RAN1 #90:
· For frequency first mapping, UCI resource mapping principles (e.g., around RS) are common for PUSCH with DFT-s-OFDM waveform and CP-OFDM waveform
· At least for periodic CSI report configured by RRC and aperiodic CSI report triggered by UL grant, the UL data is rate-matched around the UCI
Working assumptions at RAN1#90:
· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.
· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.
· Note: NR ensures sufficiently reliable common understanding on HARQ-ACK bits between gNB and UE.

Agreements at RAN1 NR Ad-hoc#3: 
· Confirm the working assumption:
· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.
· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.
· For UCI on PUSCH, support both dynamic and semi-static  indication
· FFS the applicable case(s) for dynamic vs. semi-static indications


In this contribution, we present our view on UCI piggyback on PUSCH for NR. And 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 UCI multiplexing for NR
On UCI piggyback on PUSCH
At the RAN1 NR-Adhoc#3 meeting, the working assumptions that PUSCH is rate-matched for HARQ-ACK with more than 2 bits and PUSCH is punctured for HARQ-ACK with up to 2 bits in case of slot based scheduling has been confirmed as an agreement. From the perspective of PUSCH decoding performance, it may be beneficial to have PUSCH rate-matched for large HARQ-ACK(s) payload size. In order to ensure sufficiently high reliability of common understanding on HARQ-ACK bits between gNB and UE, however, we still needs to consider the HARQ-ACK mismatch between gNB and UE, e.g., DTX case for DL scheduling  where UE misses the DL assignment(s). If NR does not specify any special handling for this case, gNB would be required to blindly at least twice-decode UL-SCH on PUSCH whether HARQ-ACK(s) is actually piggybacked and multiplexing on PUSCH or not. For avoiding gNB’s complex blind decoding, we propose to implicitly indicate the information on HARQ-ACK(s) multiplexing with PUSCH. As the implicit indication method for whether or not PUSCH is rate-matched by including HARQ-ACK(s) on PUSCH, the phase or constellation rotations for PUSCH DMRS can be considered.
· Proposal 1: In order to indicate whether or not PUSCH is rate-matched by including HARQ-ACK(s) on PUSCH, an implicit indication using the phase or constellation rotations for PUSCH DMRS can be considered.
On the viewpoint of PUSCH RE mapping for UCI transmission, the mapping rule can be differently applied according to the type of UCI such as HARQ-ACK, RI, CQI/PMI and beam related information. For mapping of HARQ-ACK(s) onto PUSCH RE(s), HARQ-ACK should be located in the first symbol after UL DMRS as a frequency first manner to avoid a degradation of HARQ-ACK decoding performance by providing more robust channel estimation performance. In case of distributed UL DMRS, HARQ-ACK(s) can be mapped on frequency-first distributed manner at the same subcarrier in the first symbol after UL DMRS in order to obtain the benefit of frequency diversity. Then, RI can be mapped to PUSCH RE(s) next to HARQ-ACK(s) symbol under the similar design principle of UCI on PUSCH resource in LTE. On the other hand, for UCI such as CQI/PMI and beam related information other than HARQ-ACK and RI, it should be further investigated whether to have a time-/frequency-domain first mapping onto PUSCH resource from the perspective of applying a unified mapping rule for different frequency range such as below 6GHz and above 6GHz. And it should be also discussed how to minimize the impact of UCI mapping into PUSCH decoding performance when UL CBG based transmission is considered.
· Proposal 2: For mapping of HARQ-ACK(s) and RI on PUSCH resource(s), HARQ-ACK can be located in the first symbol after UL DMRS with a frequency-first manner to obtain the benefit of frequency diversity.

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 [6]-[7]. One method is not to 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, RAN1 needs to discuss 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 piggybacking on PUSCH in LTE, rate-matching needs to be performed.
· Proposal 3: DFTs-OFDM waveform based UCI piggyback on PUSCH should be supported as a baseline due to intermodulation distortion issue. Further, it should be investigated how to support simultaneous transmission of PUSCH and long PUCCH.

2 Conclusion
In this contribution, we have discussed options whether to set the puncturing or rate-matching of UL data on PUSCH due to UCI transmission piggybacked into the PUSCH resource and also we discussed mapping rule for UCI on PUSCH according to UCI type. As a conclusion, we summarize our view as follows:
· Proposal 1: In order to indicate whether or not PUSCH is rate-matched by including HARQ-ACK(s) on PUSCH, an implicit indication using the phase or constellation rotations for PUSCH DMRS can be considered.
· Proposal 2: For mapping of HARQ-ACK(s) and RI on PUSCH resource(s), HARQ-ACK can be located in the first symbol after UL DMRS with a frequency-first manner to obtain the benefit of frequency diversity.
· Proposal 3: DFTs-OFDM waveform based UCI piggyback on PUSCH should be supported as a baseline due to intermodulation distortion issue. Further, it should be investigated how to support simultaneous transmission of PUSCH and long PUCCH.
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