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Introduction
In RAN1#90 Meeting [1], the following agreements were reached for UCI piggyback on PUSCH:
Agreements:
· 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:
· 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. 
In this contribution, we discuss our views on the open issues related to the UCI resource mapping on PUSCH.
Discussion
Following the agreements from RAN1#90 Meeting [1], among the open issues are the resource mapping of UCI on PUSCH. With respect to the exact mapping of different UCI types to the resources on PUSCH, ACK/NACK symbols may be transmitted on the resource elements adjacent to the data demodulation reference symbols (DM-RS) similar to LTE to take advantage of the improved channel estimation. However, in order to maximize frequency diversity gain for the CP-OFDM transmission mode, unlike the legacy approach where the ACK/NACK symbols are mapped on the adjacent resources pre-DFT, we may consider distributing the ACK/NACK symbols over the allocated PUSCH transmission bandwidth. This approach obviously will not result in any additional frequency diversity gain for the DFT-s-OFDM mode of operation.
Proposal 1: ACK/NACK symbols are mapped on resources adjacent to DM-RS and distributed across the PUSCH transmission bandwidth.

For other UCI types such as RI, the RI symbols can be multiplexed with the ACK/NACK symbols either in time or frequency and then mapped on the resources adjacent to the DM-RS symbol. By interleaving the RI symbols across the frequency domain, frequency diversity can be achieved for the RI similar to the ACK/NACK for both DFT-s-OFDM and CP-OFDM waveform. An example of resource mapping for both RI and ACK/NACK on PUSCH for a single RB is illustrated in Figure 1.

In case of CQI, in order to achieve time-frequency diversity for the CP-OFDM transmission mode, the resource element mapping may also be distributed (i.e., interleaved) across the allocated time-frequency resources for PUSCH transmission. Note that this approach would be different from the legacy LTE approach where frequency first mapping is used with sequential direct mapping of the CQI payload on the adjacent resource elements. In NR, in the presence of Code Block Groups (CBGs), the frequency first mapping will substantially impact the performance of certain CBGs for large CQI payloads due to the excessive resource loss for certain CBGs for data transmission. On the other hand, the time-first sequential mapping of the CQI payload in low speed scenarios may not provide any diversity gain. An example of time-frequency interleaved resource mapping for CQI on PUSCH is illustrated in Figure 2.
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[bookmark: _Ref485288129]Figure 1. Resource mapping for ACK/NACK and RI on PUSCH
In one example, to achieve interleaving in frequency domain, the allocated bandwidth for PUSCH transmission could be partitioned to Resource Block Group (RBGs) where each RBGs is comprised of one or multiple RBs. Then the UE starts the mapping of the encoded CQI symbols sequentially to the first resource element of the first OFDM symbol of the first RBG and then to the first resource element of the first OFDM symbol of the second RBG and so on. This approach will maximize frequency diversity gain based on the frequency interleaving for CQI on PUSCH.
Similarly, to achieve interleaving in time domain and distribute the CQI symbols across all CBGs, the allocated time duration for PUSCH transmission can be partitioned to one or multiple OFDM Symbols and/or CBGs. Then the the encoded CQI symbols are sequentially mapped on the resource element of the first OFDM symbol of the first CBG and then to the first resource element of the first OFDM symbol of the second CBG and so on. As pointed out earlier, this approach will avoid excessive resource use of a single CBG.
Proposal 2: CQI symbols are time-frequency interleaved across both the slot and the PUSCH transmission bandwidth
Conclusion
In this contribution, we discussed our views on UCI transmission on PUSCH. We made the following proposals:
Proposal 1: ACK/NACK symbols are mapped on resources adjacent to DM-RS and distributed across the PUSCH transmission bandwidth.
Proposal 2: CQI symbols are time-frequency interleaved across both the slot and the PUSCH transmission bandwidth
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