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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#89, there were some discussion on UCI piggyback on PUSCH and following agreements and conclusion had been made.
Agreements:
· Confirm that UCI piggyback on PUSCH is supported for both DFT-s-OFDM waveform and CP-OFDM waveform
· FFS: Whether common UCI piggyback rule for different waveforms.
Conclusions:
· Continue further study of UCI piggyback of following options:
· Opt.1: For all types of UCI, UL data is rate-matched.
· FFS: the case where UE missed the DL assignment.
· Opt.2: For all types of UCI, UL data is punctured.
· Opt.3: At least for UCI other than HARQ-ACK, UL data is rate-matched, while for HARQ-ACK, UL data is punctured.
· FFS: handling of large HARQ-ACK payload.
This contribution discusses UCI on piggyback on PUSCH.
Discussion
Prioritization to finalize the UCI piggyback on PUSCH
On multiplexing between UCI and UL data of the same UE, both UCI piggyback on PUSCH and simultaneous PUCCH / PUSCH are agreed to support. The one of main purposes of UCI piggyback on PUSCH (especially for DFT-s-OFDM) is to keep good coverage by keeping low CM/PAPR. In order to achieve the same link budget as LTE uplink under the same usage scenarios and similar deployment configurations, the UCI piggyback on PUSCH is more important function than simultaneous PUCCH / PUSCH transmission. Therefore, UCI piggyback on PUSCH needs to be finalized with the priority compared with the other UCI and data transmission.

Proposal 1: UCI piggyback on PUSCH needs to be finalized with the priority compared with the other UCI and data transmission.

Consideration of transient time on mapping of UCI to PUSCH REs
According to RAN4 LS [1], for frequencies below 6 GHz, UE transient period for NR is 10 µsec.  For frequencies above 24 GHz, UE transient period for NR is 5 µsec. One OFDM symbol length is roughly 71 µsec, 35 µsec, 18 µsec, and 9 µsec respectively for 15 kHz, 30 kHz, 60 kHz and 120 kHz SCS. Therefore, for below 6GHz, transient period is roughly 14%, 29%, and 55% of 1 OFDM symbol of 15 kHz, 30 kHz, and 60 kHz SCS. For above 24 GHz, transient period is roughly 28% and 55% of 1 OFDM symbol of 60 kHz and 120 kHz SCS. When transient period is more than 50% i.e., 60 kHz SCS with below 6 GHz and 120 kHz with above 24 GHz, the whole symbol or the combined two symbols should be discarded as transient period. When 30% or below OFDM symbol are used, the symbol should be used for data and not used for UCI or DMRS. The location of transient period can be adjusted before or later of the OFDM symbol. When the previous symbol is short PUCCH or SRS, the first part of PUSCH may be used for the transient time. In case of DL/UL switching, the transient time may be available before UL using guard time.
 
Proposal 2: When transient period is more than 50% i.e., 60 kHz SCS with below 6 GHz and 120 kHz with above 24 GHz, the whole symbol or the combined two symbols should be discarded as transient period. When 30% or below OFDM symbol are used, the symbol should be used for data and not used for UCI or DMRS. 

Mapping option of UCI piggyback on PUSCH
In LTE, UL data is punctured for HARQ-ACK. The purpose of puncturing is to avoid the misalignment of the rate matching parameters between gNB and UE. On the other hand, in NR, the number of HARQ-ACK payload size could become larger than in LTE and therefore, to rate match UL data around HARQ-ACK similar to other UCIs in LTE might be applied.
In case of TDD with CA, UL assignment already indicates HARQ-ACK related information corresponding to DLs by DAI and it can avoid the payload misunderstanding between gNB and UE. In case of TDD with CA in LTE, based on DAI information UE punctures PUSCH for HARQ-ACK. To apply puncturing would be to keep the commonality with Rel.8 LTE. Regardless of puncturing or rate-matching, if there is similar mechanism such as DAI in UL assignment, payload misunderstanding issues could be avoided. Such mechanism is needed not only for TDD but also for FDD.

Proposal 3: In NR, HARQ-ACK may be rate matched.
Proposal 4: PDCCH for UL assignment needs to indicate HARQ-ACK related information corresponding to DL in order to avoid misunderstanding of the payload between gNB and UE.

In LTE, UL data is rate-matched for other UCIs. In NR, to keep the same for other UCIs as LTE would be sufficient. For CSI reporting, CSI reporting size can be different depending on rank (=number of MIMO layers). Therefore, rank information needs to be encoded separately. The receiver decodes rank first. Then amount of the remaining CSI is known. 

Proposal 5: Rank information needs to be encoded separately from CSI.

In NR, uplink supports two waveforms, i.e., CP-OFDM and DFT-s-OFDM. Uplink DMRS pattern may vary based on different configurations or different waveforms. In addition, resource mapping of data may also vary based on the usage of intra-frequency hopping for DFT-s-OFDM (i.e., time-first mapping may be necessary for DFT-s-OFDM with intra-frequency hopping). Although the uniform resource mapping of UCI could simplify the design, since the difference may be seen with respect to waveform, DMRS pattern, and data resource mapping of data, different resource mapping of UCI or RS dependent UCI mapping could be taken into account. 
Front-loaded DMRS design has been agreed in NR-PUSCH for both CP-OFDM and DFT-s-OFDM. From the channel estimation performance perspective, UCI should be mapped at least around front-loaded DMRS. If there is additional DMRS in the later symbols, same mapping as that around front-loaded DMRS is expected to simplify the UCI mapping design. In addition, mapping UCI to the same subcarriers as DMRS REs could obtain better channel estimation performance. 
There are several types of UCI like HARQ-ACK, RI, beam management/recovery related information, normal CSI (e.g., CQI). The priority order of UCI mapping should be considered with respect to the distance from DMRS, for example HARQ-ACK->RI->Beam management/recovery related information->other CSI (higher priority UCI is mapped to REs closer to DMRS)
On layer mapping, in LTE CSI is mapped to 1 or 2 best layers and RI/HARQ-ACK is mapped to all layers to realize diversity. In NR, assuming all UCIs are rate matched, to have unified layer mapping design could be possibility. On the other hand, in NR PT-RS is supported in order to compensate CPE especially for higher frequency band. Resource mapping of UCI should also take into account the presence of PT-RS and collision between PT-RS and UCI mapping. Assuming UCI is rate matched, UCI should not collide with PT-RS (or any of RS). If PT-RS port is mapped to 1 best layer, UCI is mapped to the same layer with PT-RS may obtain better performance in terms of CPE compensation.

Proposal 6: UCI mapping is RS dependent. It is mapped close to DMRS and/or PT-RS positions in time/frequency/layer domain.
Proposal 7: The priority order for mapping UCI could be HARQ-ACK->RI->Beam management/recovery->normal CSI based on distance from DMRS.
Proposal 8: UCI is mapped to the layer transmitting PT-RS or to multiple layers using same mapping.
Proposal 9: The collision between UCI and PT-RS should be avoided.
Conclusion
In this contribution, we discussed UCI on piggyback on PUSCH. We have following proposals:
Proposal 1: UCI piggyback on PUSCH needs to be finalized with the priority compared with the other UCI and data transmission.
Proposal 2: For mapping of UCI to PUSCH REs for UCI piggyback on PUSCH, there might be the need to avoid the first symbol of data for mapping of UCI due to transient time.
Proposal 3: In NR, HARQ-ACK may be rate matched.
Proposal 4: PDCCH for UL assignment needs to indicate HARQ-ACK related information corresponding to DL in order to avoid misunderstanding of the payload between gNB and UE.
Proposal 5: Rank information needs to be encoded separately from CSI.
Proposal 6: UCI is mapped close to DMRS and/or PT-RS positions in time/frequency/layer domain.
Proposal 7: The priority order based on distance from DMRS could be HARQ-ACK->RI->Beam management/recovery->normal CSI.
Proposal 8: UCI is mapped to the layer transmitting PT-RS or to multiple layers using same mapping.
Proposal 9: The collision between UCI and PT-RS should be avoided.
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