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1 Introduction
For UCI transmission, it was agreed in the RAN1#86b meeting that, 
· Study at least the following operations to be supported in NR, from a single UE perspective

· Case 1: UL data and UCI are FDMed where the resource for UCI is not   a part of the resource allocated for UL data 

· Case 2: UL data and UCI are TDMed where the resource for UCI is not   a part of the resource allocated for UL data 

· Case 3: UL data and UCI are multiplexed where the resource for UCI is  a part of the resource allocated for UL data

· FFS: how different types of UCI are handled

· Further study on other possibilities is not precluded

And for the uplink waveforms, it was also agreed that,

· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

· FFS additional low PAPR techniques 

· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.

· Discuss further offline for possible refined evaluation assumptions/methodology for waveform evaluations

This contribution focuses on case 3: UCI and UL data are multiplexed where the resource for UCI is a part of the resource allocated for UL data. Starting from LTE, the necessity of UCI multiplexing with data will be discussed separately for DFT-S-OFDM waveform and CP-OFDM waveform.
2 UCI transmission in LTE
In LTE, UCI consists of the HARQ ACK, SR and CSI (CQI, PMI, RI and etc.). UCI can be transmitted by two channels: PUCCH or PUSCH. For PUCCH, multiple formats have been designed for different types of UCI and their combinations. For PUSCH, UCI transmission is designed to be multiplexed on data. DFT-S-OFDM waveform is adopted in LTE uplink data transmission to keep a low PAPR. In Release 8, when both UCI and data are to be transmitted in the same TTI, UCI must be multiplexed with data in PUSCH to preserve the single-carrier property. In Release 10, UCI can be transmitted on PUCCH simultaneously with data on PUSCH for flexible resource utilization. Specifically, if the UE is configured for simultaneous PUSCH and PUCCH transmission for a single serving cell, HARQ-ACK and SR (sometimes and periodic CSI) are to be transmitted on PUCCH, but aperiodic CSI (sometimes with periodic CSI) may still be transmitted on PUSCH and multiplexing CSI on data is also supported. If the UE is not configured for simultaneous PUSCH and PUCCH transmission for a single serving cell, the UE behavior follows Release 8. This is to guarantee the coverage for power limited UEs, and to support the aperiodic CSI transmission by UL grant. 
If UCI is multiplexed with data, different resource mapping rules are designed for different types of UCI. Since HARQ ACK is important for the downlink transmission, it is mapped to the resources around the demodulation reference symbols to achieve a better channel estimation quality. For CSI, since RI is also important to correctly interpret the CQI/PMI, it is located near the demodulation reference signal similar to HARQ ACK. CQI/PMI are multiplexed with the coded data and mapped across the full subframe duration. 
Starting from LTE, the analysis of UCI multiplexing in NR is given in the following section.
3 Analysis of UCI multiplexing in NR

In the last meeting [1], it is agreed to support both DFT-S-OFDM waveform and CP-OFDM waveform. If the UE is link budget limited and is configured to adopt the DFT-S-OFDM based waveform, it is suggested to follow the principle as adopted in LTE. UCI multiplexing with data should be supported to keep the single carrier property and increase the coverage. But the detailed mechanism is to be further designed since new types of UCI may be introduced and the payload size of the UCI may become large. In NR, the UCI is expected to include at least the existing types in LTE, including HARQ ACK, SR and CSI. But the definition of CSI parameters is still FFS, some beam related information, such as resource indicator and RSRP were agreed to be feedback together with CSI and the detail is under discussion [2]. Besides, Type I and Type II spatial information feedback are agreed to support in the last meeting, which may greatly increase the payload of CSI. 
For the data aspect, the uplink data may be transmitted with UL only slot or UL dominant slot, with different number of symbols by slot aggregation. And the demodulation reference signal for data may be supposed to be front loaded [1], which is beneficial for latency and demodulation. The coding and mapping of different types of UCI with different payload sizes considering the variable UL data channel resources should be carefully studied. If the UE is notified to transmit UCI with data on PUSCH, UCI with higher priority similar to ACK and RI in LTE can be also located near the reference signal, with benefit from the early feedback and better estimation quality. For other UCI types, the detail multiplexing mechanism should be further studied.
Proposal 1: UCI multiplexing on data should be supported for DFT-S-OFDM based waveform.
But if the UE is configured to adopt the CP-OFDM based waveform, single carrier property is no longer needed. In LTE, if the UE is configured with simultaneous PUCCH and PUSCH transmission, multiplexing aperiodic CSI on data channel is also supported to avoid being frequently dropped due to limited payload size of PUCCH. Since aperiodic CSI reporting has been agreed to support in NR [1]. Considering the potential new parameters and larger payload size of CSI, one straight method is to follow LTE to support multiplexing aperiodic CSI on data channel. This mechanism releases the pressure of complex uplink control channel format with dynamic resource allocation and larger payload size. For other types of UCI, such as HARQ ACK and RI, the multiplexing on data may also be considered to provide the flexibility of coverage enhancements by distributing the UCI onto multiple symbols.
Proposal 2: At least CSI multiplexing on data should be studied for CP-OFDM based waveform.
4 Conclusion
Starting from LTE, we consider the new enhancements in NR and have the following proposals:
Proposal 1: UCI multiplexing on data should be supported for DFT-S-OFDM based waveform.
Proposal 2: At least CSI multiplexing on data should be studied for CP-OFDM based waveform.
References
[1] 3GPP RAN1#86b, Chairman’s Notes, October, 2016.
[2] R1-1611217, “Discussion on UCI types in NR”, Huawei, HiSilicon, RAN1#87, Nov., 2016.
1

