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[bookmark: _Ref465963108]Introduction
There are two approaches to multiplex simultaneous PUCCH and PUSCH from the same UE. The first approach is transmitting PUCCH and PUSCH on different RBs, i.e., FDM PUCCH and PUSCH. The second approach is piggybacking PUCCH on assigned PUSCH RBs. Both approaches are supported in NR.  

In RAN #90 [5], the following are agreed for UCI piggybacking 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

In RAN1 NR Ad Hoc 3, the following are agreed. 
Agreements:
· 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.

In this contribution, a summary of companies’ view on the remaining key issues for UCI multiplexing on PUSCH is provided. 
[bookmark: _Ref471731770][bookmark: _Ref462669569]Summary of proposals
How does UE know # ACK bits?
There are two alternatives on this topic:
Alternative 1: For grant based UL transmission, use DAI based mechanism similar to LTE to indicate UE the number of ACK bits for ACK piggyback on PUSCH. 
· FFS details of DAI mechanism 
· FFS: how to enhance DAI mechanism to support CBG based transmission

Alternative 2: Total DAI (contained in DL assignment) together with ACK/NACK size indicator (contained in UL grant) determines the size of the HARQ codebook to be used for UCI on PUSCH. 
· Note: One example of the ACK/NACK size indicator could be a copy of the total DAI (potentially increased to predictively cover DL assignments received after UL grant). 

Proposal 1: adopt alternative 1
How to handle DL grants later than UL grant
Category A: Support later DL grant only when ACK puncturing PUSCH can be applied
[bookmark: _GoBack]Alternative 1: When DL grants later than UL grant are received, if both DAI_total and the last DAI_counter indicated up to 2 bits ACK, ACK puncture PUSCH; otherwise UE treat it as an error event. How to handle the error event is up to UE implementation. (QC)
Alternative 2: if DL grant later than UL grant is supported, limit to up to 2 ACK bits for later DL grants. ACK bits for later DL grants puncture PUSCH.  (Samsung, QC, DCM, LG, MediaTek)
Category B: Overbook resources for ACK/NACK in UL grant 
Alternative 3: UL grant indicate max number of allowed later DL grants. (CATT, HUAWEI, Panasonic)
· If actual received number of later DL grant exceeds the max number, consider it as an error event.
Alternative 4: RRC indicate max number of allowed later DL assignments (HUAWEI)
Alternative 5: Total DAI (contained in DL assignment) together with ACK/NACK size indicator (contained in UL grant) determines the size of the HARQ codebook to be used for UCI on PUSCH. (E///) 
· Note: One example of the ACK/NACK size indicator could be a copy of the total DAI (potentially increased to predictively cover DL assignments received after UL grant). 
Alternative 6: Uplink grant indicates tentative number of ACK/NACK bits including past and future DL assignments. UE computes ACK/NACK resources based on indicated tentative number of ACK/NACK bits. (Panasonic, LG, Nokia, MediaTek)
· FFS: use number of DL grants instead or in addition to ACK/NACK bits
ACK mapping rules
Time domain mapping rule 
Proposal 1: When ACK puncture PUSCH, map ACK to REs across as many symbols (excluding DMRS symbol) as possible to avoid ACK puncture single CB heavily. (QC, DCM, LG, Panasonic, E///)
Proposal 2: When ACK rate-matching PUSCH, map ACK to localized REs around DMRS. (QC, DCM, LG, Panasonic, CATT, WILUS, InterDigital)
Freq domain mapping rule
Proposal 1: Map ACK to distributed REs across PUSCH allocated RBs (VIVO, CATT, HUAWEI, LG, Panasonic, Nokia, MediaTek, InterDigital, E///)
Other proposals
Proposal 1: Configurable freq or time first mapping rule for ACK (Intel)
Proposal 2: Configurable # symbols for ACK/RI mapping. Map to less number of symbols for latency sensitive UCI, map to more number of symbols for coverage critical UCI(Huawei)
CSI (RI/CQI/PMI/Beam related info) mapping rules
Freq first or time first mapping for CSI? 
Proposal 1: Freq first mapping for CSI (QC, CATT, Nokia, E///)
Time domain mapping rule: 
There are two alternatives on this topic:
Alternative 1: Map CSI to localized REs around DMRS (QC, CATT, MediaTek)
Alternative 2: Map CSI to REs across all symbols (excluding DMRS symbol) (E///)
Proposal 1: adopt alternative 1: Map CSI to localized REs around DMRS
Freq domain mapping rule: 
Proposal 1: Map CSI to distributed REs across PUSCH allocated RBs (LG, DCM, Panasonic, Nokia, MediaTek, E///)
Other proposals
Proposal 1: Break CSI into two parts. The first part is mapped to REs before PUSCH REs. The second part is mapped to UEs after PUSCH REs. (Intel)
Others
Beta_offset values
There are two alternatives on beta_value for dynamic scheduled PUSCH:
Alternative 1: For dynamically scheduled PUSCH transmission, a few beta_offset values can be configured by RRC signaling and PDCCH dynamically indicates one of these values. (CATT, Huawei, Samsung)
· FFS: number of beta_offset values (Samsung proposed 4 beta_offset values)

Alternative 2: For dynamically scheduled PUSCH transmission, a table with each column has beta_offset values for HARQ-ACK and CSI can be configured by RRC signaling and PDCCH dynamically indicates a column of the configured table. (Panasonic, Samsung)
· Note: control resource size = beta_offset * data_MCS
· If part 1 CSI has different beta than part 2 CSI (or other categorization), multiple beta_offset values respectively in each column.
· FFS: number of columns (Samsung proposed 4 columns. Panasonic proposed 2 columns.)

Alternative 3: For dynamically scheduled PUSCH transmission, in addition to beta_offset values configured by RRC, a boost factor is also configured by RRC. DCI include 1 bit to indicate apply the boost factor or not. If applied, RRC configured beta_offset * boost factor is adopted as the final beta_offset. (Panasonic)
Proposal 1: adopt alternative 1.
Proposal 2: For grant-free UL transmission, semi-statically configured beta offset value is supported. (CATT, Huawei)
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