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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN1#87 and NR Ad Hoc meetings [1] [2], uplink control channel design was discussed and the following was agreed:
· 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
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]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
· For PUCCH  in long-duration
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
In this contribution, we discuss the UCI piggyback on PUSCH by starting from LTE, and then consider the potential new requirements in NR and give our views on transmission of UCI on PUSCH.
Discussion
UCI on PUSCH 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 configured to transmit 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 to guarantee the coverage for power limited UEs. 
If UCI is multiplexed with data, different resource mapping patterns are designed for different types of UCI and the example is shown in Figure 1. 
· HARQ-ACK: The REs of HARQ-ACK are located at the symbols near the DMRS with data being punctured. Since HARQ-ACK is the most important, its location is to guarantee a better channel estimation. The motivation of puncturing is to avoid the decoding failure of data if rate matching is adopted and if UE misses the scheduling assignment and will not transmit HARQ-ACK while eNB is expecting the HARQ-ACK. In this way, the decoding of data does not depend on whether HARQ-ACK is transmitted or not.
· RI: Since RI is also important to correctly interpret the following CQI/PMI, it is located near the demodulation reference signal next to HARQ-ACK. The mapping of data will skip the REs that already occupied by RI, which is rate matching.
· CQI/PMI: The number of REs used for CQI/PMI are placed at the beginning of the UL-SCH data resources and mapped to all SC-FDMA symbols across the sub-frame duration except for SRS. 
    [image: ]           
Figure 1. UCI on PUSCH in LTE
UCI on PUSCH in NR
[bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60]For NR, it was agreed that physical uplink control signaling should be able to carry at least HARQ A/N, scheduling request (SR), and CSI reports (possibly including some beam related information). According to the NR discussion up to now, some potential enhancements about the types of UCI and the corresponding payload sizes compared with LTE are summarized as follows:
· HARQ-ACK: Considering the higher peak rate requirement of NR, multiple bits feedback for one TB has been discussed to reduce the retransmission overhead and enhance the throughput. The payload size of HARQ-ACK will be increased [4]. 
· Beam Related Information: One key feature of NR different from LTE is the analog/hybrid beamforming. In beam management discussion, the beam information including the group information and the corresponding measurement quantities of the beams will be reported for beam management [3]. Besides, a recovery request message to trigger the beam recovery might be transmitted as a type of UCI. These beam related information could be as the new candidate parameters of UCI and the detailed UCI contents and payload sizes need further discussions in MIMO section.
· PMI: Two types of spatial information feedback for CSI reporting have been agreed: Type I and Type II feedback, and the payload size will be increased with a high probability.
Compared with LTE, not only the concrete payload size of each UCI type will be increased, but also new types of UCI might be introduced. However, the details are closely related to the progress of other topics, such as MIMO.
With priorities and the delay requirements of different types of UCI, the mapping can be implemented following this principle: UCIs with a higher priority are arranged closer to DMRS symbol to get a better channel estimation, and UCIs with a higher delay requirement can be located in the earlier symbols of PUSCH. Besides, whether different types of UCI should be located in different PUSCH symbols in a TDM way, or can be located in the same symbol of PUSCH in a FDM way should be further considered. Take HARQ-ACK as an example, HARQ-ACKs should always have the highest priority, and early decoding is beneficial for the early scheduling, so it can be arranged to the earliest symbols of PUSCH around DMRS. If the payload size of HARQ-ACK is low and cannot occupy all the REs of one symbol, other types of UCI with low payload size, such as RI can be FDMed with HARQ-ACK. But if the payload size of HARQ-ACK and RI are both large, they can be TDMed in different symbols. As a potential new type of UCI, the priority of beam related information should be considered.
Proposal 1: The mapping of UCI on PUSCH should consider payload size/priority/delay of different types of UCI in NR.
Another major difference from LTE is the reference signal. In LTE, the two uplink DMRS symbols are located at the 4th and the 11th symbols as shown in Fig.1, while in NR the DMRS of PUSCH is front loaded. Besides, some other types of reference signal, such as additional RS and/or PTRS might be configured. The mapping of UCI should also avoid occupying the REs of these reference signals. Considering the different slot types, the UCI may be transmitted in UL only slot or UL dominant slot or DL dominant slot, with different number of PUSCH symbols.
Proposal 2: The mapping of UCI on PUSCH should consider reference signal configuration and slot types.
Both DFT-S-OFDM waveform and CP-OFDM waveform are agreed to support in NR. The waveform of PUSCH that UCI is piggybacked to will impact the design of UCI mapping:
· DFT-s-OFDM
If the UE is link budget limited and is configured to adopt the DFT-S-OFDM based waveform, UCI multiplexing with data should be supported to keep the single carrier property and increase the coverage.
· CP-OFDM
If the UE is configured to adopt the CP-OFDM based waveform, single carrier property is no longer required and the frequency diversity should be considered. 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, at least multiplexing aperiodic CSI on data channel should be supported. This mechanism releases the pressure of complex uplink control channel format with dynamic resource allocation and larger payload size. Besides, the multiplexing on data should also be considered to provide the flexibility of coverage enhancements by distributing the UCI onto multiple symbols. 
For different waveforms, a unified design can be considered to reduce the implementation complexity. 
Proposal 3: Support UCI multiplexing on data for both waveforms.
Conclusion
[bookmark: _GoBack]Based on above discussions, the following proposals are given 
Proposal 1: The mapping of UCI on PUSCH should consider payload size/priority/delay of different types of UCI in NR.
Proposal 2: The mapping of UCI on PUSCH should consider reference signal configuration and slot types.
Proposal 3: Support UCI multiplexing on data for both waveforms.
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