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1. Introduction
At the RAN1#87 meeting, following agreements have been made [1]:
	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.



In this contribution, we discuss UCI on PUSCH for NR.
2. UCI on PUSCH
Like in LTE, the primary motivation to enable UCI on PUSCH is to keep low PAPR. Therefore, it is crystal clear that when the PUSCH waveform is DFT-s-OFDM, UCI on PUSCH should be enabled. For NR, simultaneous transmission of PUSCH and PUCCH when the PUSCH is DFT-s-OFDM waveform would not be necessary, since CP-OFDM waveform is applicable for PUSCH instead. 
When the PUSCH waveform is CP-OFDM, PAPR itself is not the issue; nevertheless, a certain mechanism to handle simultaneous transmission of PUCCH and PUSCH may be useful, so that large power back off due to frequency dis-continuous transmission of multiple channels is avoidable. On the other hand, for PUSCH with CP-OFDM waveform, scheduling DCI should be able to schedule dis-continuous RBs, e.g., RBG-level bit-map RB assignment [2]. Therefore, it is not natural to concern specifically simultaneous transmission of PUCCH and PUSCH when the PUSCH waveform is CP-OFDM; if the IMD is such that problematic, DFT-s-OFDM waveform should be applied to the PUSCH in general.
If the UCI on PUSCH is specified such that it is applicable to PUSCH with either waveform, the UCI mapping and UL-SCH rate-matching/puncturing should be common for both waveforms. Considering that frequency-diversity gain is not achievable for CP-OFDM waveform if UCI REs are localized, UCI mapping on REs close to DMRS with frequency-interleaving (in case of DFT-s-OFDM, virtual frequency-interleaving) could be the solution (Fig. 1 (a)). Another way is not to support UCI on PUSCH with CP-OFDM waveform; instead, UCI is delivered by a short-PUCCH, which is TDMed with the PUSCH and is mapped at the end of the slot (Fig. 1 (b)). The other way is Fig. 1 (c) which is similar to Fig. 1 (b); the difference is that the short-PUCCH is mapped at the middle of the PUSCH duration, which may require puncturing the PUSCH. All these approaches can resolve IMD issue. 
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(a) UCI on PUSCH		(b) UCI re-direction type 1		(c) UCI re-direction type 2
Fig. 1	UCI handling to resolve large power back-off for IMD suppression.

Proposals:
· Support UCI on PUSCH at least for the case where PUSCH is DFT-s-OFDM waveform.
· FFS how/whether to resolve frequency dis-continuous simultaneous transmission of PUCCH and PUSCH with CP-OFDM waveform.
· Option 1: Specify UCI on PUSCH so that it is applicable to both waveforms.
· Option 2: At least for CP-OFDM waveform, the UCI is re-directed to short-PUCCH which is TDMed with the PUSCH.

3. Conclusion
In this contribution, we discussed UCI on PUSCH and proposed following:
Proposals:
· Support UCI on PUSCH at least for the case where PUSCH is DFT-s-OFDM waveform.
· FFS how/whether to resolve frequency dis-continuous simultaneous transmission of PUCCH and PUSCH with CP-OFDM waveform.
· Option 1: Specify UCI on PUSCH so that it is applicable to both waveforms.
· Option 2: At least for CP-OFDM waveform, the UCI is re-directed to short-PUCCH which is TDMed with the PUSCH.
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