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In previous RAN1 meetings, the following agreements for UCI piggyback on PUSCH are made. 
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
Agreements:
· Detail UCI mapping rule on PUSCH is as follows:
· Map HARQ-ACK to REs around DMRS symbol(s)
· If PUSCH punctured by HARQ-ACK,
· Map CSI part 1 starting after certain amount of reserved HARQ-ACK REs. 
· FFS reserved HARQ-ACK REs 
· PUSCH can be mapped to reserved REs
· If PUSCH rate matched by HARQ-ACK,
· map HARQ-ACK first, followed by CSI part1. 
· FFS: how to map CSI part 2, e.g.,
· Map CSI part 2 after CSI part 1
· Map CSI part 2 after UL_SCH
Agreements:
· Modulated HARQ-ACK symbols are mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s), regardless of number of DMRS symbols in PUSCH transmission.
· Modulated CSI part 1 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.
· CSI part 1 is not mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH
· CSI part 1 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.
· Modulated CSI part 2 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.
· CSI part 2 can be mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH.
· CSI part 2 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.
· CSI part 2 is not mapped on the CSI part 1 REs.

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 key proposals
FDM UCI with DMRS or not
Proposal 1a: It is clarified that based on previous agreements, when UCI is piggybacked on PUSCH, UCI is not FDMed with DMRS. 
Supportive companies: QC, MTK, Intel, LGE, Samsung, Nokia, E///
Proposal 1b: When UCI is piggybacked on PUSCH, support UCI FDMed with DMRS. 
Supportive companies: HW
Reserved REs when HARQ-ACK puncture PUSCH
Proposal 2: When UE determines to transmit 0, 1, or 2 HARQ-ACK bits, the amount of reserved REs for HARQ-ACK is calculated assuming 2-bits HARQ-ACK. (Supportive companies: QC, HW, MTK, CATT, E///, Nokia)
· In case the number of HARQ-ACK bits determined at UE is less than 2, the modulated HARQ-ACK symbols are mapped to a subset of the reserved REs.
· FFS how to determine the subset

Offline consensus 3a: Locations of the reserved REs for HARQ-ACK are determined following the same rule defined (in RAN1 #91) for mapping modulated HARQ-ACK symbols to REs. (Supportive companies: QC, VIVO, Intel, LGE,Samsung)
Bug fix for amount of RE calculation for UCI
Proposal 5: It is clarified that modulated HARQ-ACK symbols are not mapped to non-DMRS symbol before the first DMRS symbol(s) (supportive companies: MTK, QC)
Proposal 6: 
· 


When piggybacked on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK denoted as , CSI part 1 transmission denoted as , and CSI part 2 transmission denoted as , are determined based on following equations:
 






where

-	 is a RRC configured parameter of two bits. 

-	is the symbol index of first available non-DMRS symbol after the first DMRS symbol(s). 




Proposal 7a: For piggybacked on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK denoted as , CSI part 1 transmission denoted as , and CSI part 2 transmission denoted as , are determined as follows:







[bookmark: MTBlankEqn] 
where

-	 is a RRC configured parameter of two bits. 

-	is the symbol index of first available non-DMRS symbol after the first DMRS symbol(s). 

FFS: how to determine .

FFS: how to determine .

Proposal 7b: determine the number of resources for HARQ-ACK, CSI part 1, and CSI part 2 (if exist) in the same way as for PUCCH format 3/4. 

Proposal 8: In step 5 in the pseudo codes to do “Data and control multiplexing” in Section 6.2.7 of 38.212, ACK puncture REs over set [image: cid:image020.png@01D38592.E466AD10] instead of [image: cid:image005.png@01D3858F.47B506E0]. (supportive company: QC,LG, Samsung)

Proposal 9: Clarify that set  is defined as a set of “physical” resource elements in PRB domain not in VRB domain. (supportive company: QC)
Partially overlapped PUCCH and PUSCH
· Proposal 10a: When PUCCH overlap with PUSCH with different starting symbol, if PUCCH starting symbol is earlier than PUSCH, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and PUCCH. 
· FFS: how to handle low latency transmission (e.g. URLLC)
· Supportive companies: QC, Intel, MTK, Spreadtrum, Nokia, E///, Samsung, WILUS
· Objecting companies: HW, VIVO

Proposal 10b: When PUCCH overlap with PUSCH with different starting symbol, If PUSCH is not grant free transmission, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and PUCCH.
· FFS: how to handle low latency transmission (e.g. URLLC)


· Proposal 11: When the starting the symbol of PUCCH and PUSCH is the same, UCI is multiplexed on PUSCH, while PUCCH is not transmitted. 
· FFS: how to handle low latency transmission (e.g. URLLC)
· (Supportive companies: QC, DCM, MTK, CATR, Spreadtrum, Nokia, E///, WILUS, XiaoMi)



UCI piggyback on PUSCH in UL CA
Proposal 11a: In scenario of CA, UCI is piggybacked on a single CC based on the follow rule (same as LTE). (supportive company: QC)
· In case of no aperiodic CSI triggering
· If there is PUSCH on the UL PCC
· UCI is mapped onto the UL PCC
· If there is no PUSCH on the UL PCC
· UCI is mapped onto the UL SCC with the smallest value of carrier index, i.e. SCellIndex-r10, of the associated PUCCH group
· In case of aperiodic CSI triggering
· UCI is mapped onto the PUSCH on the CC indicated by the UL grant containing the aperiodic CSI trigger
Note: UE is not expected to receive more than one positive aperiodic CSI trigger for a given subframe
Proposal 11b: If a UE is configured for UL CA and dynamic HARQ-ACK codebook determination, a DCI format scheduling PUSCH includes a ‘HARQ-ACK multiplexing’ field of 1 bit. (supportive company: Samsung)
Mod order determination for UCI-only PUSCH
Proposal 12a: A DCI format scheduling PUSCH includes an ‘UL-SCH indicator’ field of 1 bit. (Supportive companies: Samsung)
Proposal 12b: Reuse the NDI, RV and MCS fields in DCI to trigger CSI on PUSCH without UL-SCH data (Supportive companies: CATT)
· NDI bit is toggled compared to the previous transmission for the same HARQ process and RV is set to 0 combined with IMCS = {[28], 29, 30, 31} to indicate the modulation order for CSI on PUSCH without UL-SCH data is QPSK, 16QAM, 64QAM and [256QAM] respectively.
Proposal 12c: When piggybacked on PUSCH without UL-SCH, the modulation order of UCI is derived at UE based on coding rate. (Supportive companies: QC)
Other issues/CRs
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