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Introduction
In this paper we discuss aspects of UCI on PUSCH.
Relevant agreements from previous meeting [1]
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. 
Discussion
UCI insertion
In our paper [2] we raised the issue that for large punctured ACK/NACK payload sizes PUSCH performance degrades and especially high MCS suffers from severe performance degradation. The current working assumption limits puncturing to small payload sizes (1 or 2 bits) were the number of coded modulation symbols is generally small. The negative impact on PUSCH will be small. Therefore, we support the working assumption.
Proposal 1: 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.
The following two error cases can occur: 1) UE assumes ACK/NACK puncturing while gNB assumes rate matching and; 2) Both UE and gNB assume rate matching but with different UCI sizes. The first error case occurs if UE is only scheduled with few DL assignments (which should be acknowledges in the same HARQ codebook) but misses one/some assignments and receives only one or two; e.g. gNB schedules UE three times but UE only receives two DL assignments and performs puncturing. The second error case happens if gNB schedules UE several times (and ACK/NACK should thus be rate matched) and UE misses one/some assignments but still receives more than two DL assignments. The UE rate-matches ACK/NACK but with the wrong amount of resources. In both cases the HARQ feedback will be lost but also PUSCH decoding might fail. Both error cases can be solved by including an ACK/NACK payload indicator in the UL grant. One possibility of such an indicator would be to include a DAI-like indicator that counts DL assignments associated with HARQ codebook or in case of different HARQ feedback sizes (e.g. different CBG or MIMO configurations) a HARQ codebook size indicator.
Proposal 2: Include ACK/NACK size indicator in UL grant scheduling PUSCH containing ACK/NACK.
The other UCI types that have been agreed so far to be rate matched are either RRC configured or triggered by the UL grant and the presence and size is thus known by the UE. Above error cases do not occur.
UCI mapping
It has been agreed to support for frequency-first mapping a common UCI resource mapping principle irrespective of PUSCH waveform. DM-RS for both CP-OFDM and DFT-S-OFDM based PUSCH have been agreed to follow a comb-structure or FD-OCC. While for OFDM-based PUSCH it will be possible under some conditions to multiplex data and DM-RS in DM-RS symbols this will not be possible for DFTS-OFDM-based PUSCH [1]. Above agreement on a common  resource mapping scheme implies that UCI modulation symbols cannot be mapped on DM-RS symbols, not even for OFDM-based PUSCH.
Proposal 3: UCI is not mapped to OFDM symbols carrying DM-RS.
The UCI in UCI on PUSCH is in absence of a PUSCH typically transmitted on a long PUCCH. Long PUCCH comes with a variety of different lengths to support the various slot formats supported by NR but a typical  setup would be long PUCCH spanning the majority of an UL slot, i.e. starting early and ending late in the UL slot. If a UE supports transmitting UCI on long PUCCH which can start at the beginning of the UL slot it must have the UCI information ready before the UL slot starts, therefore it should be possible to insert UCI into PUSCH from the first symbol on. 
To maximize coverage of UCI it is proposed to map rate-matched UCI to all PUSCH symbols except DM-RS symbols. Some UCI modulation symbols will be mapped to symbols further away from DM-RS symbols, especially if the UE is only configured with front-loaded DM-RS. However, a UE would only be configured with front-loaded DM-RS in rather stationary conditions where front-loaded DM-RS are sufficient to decode PUSCH. If front-loaded DM-RS provides good enough channel estimates for PUSCH decoding the channel estimates should also be good enough for UCI, especially considering that UCI is often transmitted with a more robust MCS than PUSCH data.
NR maps PUSCH frequency-first. For large PUSCH bandwidth this can imply that a code block is confined to a single OFDM symbol. One should strive to distribute the UCI puncturing evenly across code blocks and avoid puncturing a single/few code block(s) heavily. Distributing modulation symbols of punctured UCI across multiple symbols achieves this. 
Proposal 4: UCI is mapped to all PUSCH symbols except DM-RS symbols.
For OFDM-based PUSCH, UCI needs to be mapped on resource elements that are distributed across the PUSCH bandwidth to harvest frequency-diversity. For DFTS-OFDM-based PUSCH the mapping is done prior to DFT-spreading in time-domain and hence frequency-diversity is automatically obtained. To maintain similarity between OFDM and DFTS-OFDM-based PUSCH, UCI is mapped on distributed modulation symbols prior to DFT-spreading with the same distribution pattern as for OFDM.
Proposal 5: For OFDM-based PUSCH, UCI is mapped to resource elements that are distributed across the PUSCH bandwidth.
Proposal 6: For DFTS-OFDM based PUSCH, UCI is mapped to modulation symbols that are distributed (prior DFT-spreading) with the same distribution pattern as for OFDM. 
Conclusion
In this contribution, we discuss UCI on PUSCH. The following is proposed:
Proposal 1: 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.
Proposal 2: Include ACK/NACK size indicator in UL grant scheduling PUSCH containing ACK/NACK.
Proposal 3: UCI is not mapped to OFDM symbols carrying DM-RS.
Proposal 4: UCI is mapped to all PUSCH symbols except DM-RS symbols.
Proposal 5: For OFDM-based PUSCH, UCI is mapped to resource elements that are distributed across the PUSCH bandwidth.
Proposal 6: For DFTS-OFDM based PUSCH, UCI is mapped to modulation symbols that are distributed (prior DFT-spreading) with the same distribution pattern as for OFDM.
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