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Introduction
In the last meeting, there are the following remaining issues about UCI multiplexing on PUSCH:
Further discussion till next meeting on how to handle overlapped UL transmissions of different starting symbols and/or of different lengths.
Further discussion till next meeting on how to determine the modulation order for A-CSI only on PUSCH – companies are encouraged to contribute on this topic (referring to the contributions already in this meeting – listed in Section 2.6 of R1-1801170).
We will discuss these remaining issues in this contribution. A corresponding text proposal for the current 38.213 is provided in the end.
Discussion
2.1 Partially overlapped PUCCH and PUSCH
In the last meeting, three kind of proposals were raised about the transmission when PUCCH and PUSCH are partially overlapped[1]:
· 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)
· 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)
· When the starting the symbol of PUCCH and PUSCH is the same, UCI is multiplexed on PUSCH, while PUCCH is not transmitted. 
· [bookmark: _GoBack]FFS: how to handle low latency transmission (e.g. URLLC)
To our understanding, the PUCCH which the UE is assumed to transmit may start at any symbol within a slot. At the same time, the starting symbol and duration of PUSCH in this slot can also be flexible. If there is at least one overlapped symbol between the PUCCH and the PUSCH, only one channel could be transmitted due to simultaneous transmission is not allowed in this release. It is good if UCI can be multiplexed in the PUSCH for all the desired UL information and be transmitted. 


Unfortunately, some kind of PUSCH cannot be used for UCI multiplexing. This is illustrated in the Figure 1 below.In the Slot #n, the PUSCH-1 starts earlier than the PUCCH while the PUSCH-2 ends later than the PUCCH. If UCI scheduled to be transmitted in the PUCCH is to be multiplexed in the PUSCH-1, the UE has to complete the PDSCH demodulation and prepare the HARQ-ACK transmission, and/or prepare the CSI feedback before the time . Nevertheless, if the UCI is carried by PUCCH this time can be. So extra UE processing capability is required when UCI is multiplexed in PUSCH-1 than it is transmitted in the PUCCH. For PUSCH-2, although the starting symbol is later than the PUCCH and no extra requirements for the UE process capability, the end symbol is later than PUCCH. According the current rule of UCI mapping on PUSCH, it is possible the gNB get HARQ-ACK later when it is transmitted on PUSCH-2 than it is transmitted on the PUSCH. So considering the possible latency requirements of DL scheduling like URLLC, the PUSCH-2 is also improper to carrier UCI which originally scheduled to be transmitted in the PUCCH.


Figure 1overlapped PUCCH and PUSCH

Therefore, it is proposed that UCI multiplexing on PUSCH is allowed when at least one symbol of the PUSCH is overlapped with the PUCCH, the first symbol of PUSCH is no earlier than the first symbol of PUCCH, and the last symbol of the PUSCH is no later than the last symbol of PUCCH.gNB can avoid other cases that PUCCH and PUSCH are partially overlapped through scheduling.
Proposal 1: UCI multiplexing on PUSCH is allowed when at least one symbol of the PUSCH is overlapped with the PUCCH conditioned that the first symbol of PUSCH is no earlier than the first symbol of PUCCH, and the last symbol of the PUSCH is no later than the last symbol of PUCCH.
2.2 Modulation order determination for UCI-only PUSCH
For the indication of aperiodic CSI on PUSCH without UL-SCH and the indication of the modulation order for this PUSCH,there are the following proposals in the last meeting[1]:
· A DCI format scheduling PUSCH includes an ‘UL-SCH indicator’ field of 1 bit. 
· Reuse the NDI, RV and MCS fields in DCI to trigger CSI on PUSCH without UL-SCH data 
· 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.
· When piggybacked on PUSCH without UL-SCH, the modulation order of UCI is derived at UE based on coding rate.
In LTE, aperiodic CSI on PUSCH without UL-SCH isimplicitly indicated with certain combination of three bit fields in the UL grant, “CSI request”, “Resource block assignment and hopping resource allocation”, and “IMCS”. The modulation order is fixed to QPSK for this PUSCH.For NR, the modulation order of PUSCH without UL-SCH is not restricted to QPSK. From the specification point of view, a simple way is to include an ‘UL-SCH indicator’ field in the UL grant. With this explicit indication, the modulation order of PUSCH without UL-SCH can be explicitly indicated by IMCS. However, the impacts on the UL coverage with additional bits in the UL grant should also be considered. On the other hand, if implicit indication is used to identify the PUSCH without UL-SCH, the indications relate to UL-SCH transmission in the UL grant can be used for the corresponding modulation order. Then there is trade-off between the UL coverage performance and the scheduling flexibility of PUSCH corresponding the explicit and implicit indication respectively. To our opinion, implicit indication is preferred considering UL scheduling without UL-SCH is a special case for PUSCH. Including explicit bits in the UL grant could be considered only when obvious benefit can be observed.
Proposal 2: Use implicit indication for aperiodic CSI on PUSCH without UL-SCH and the corresponding modulation order.
Conclusion
In this contribution, we discussed the remaining issues about UCI multiplexing on PUSCH. The following proposals are reached and a corresponding text proposal for the current 38.213 is provided in the end.
Proposal 1: UCI multiplexing on PUSCH is allowed when at least one symbol of the PUSCH is overlapped with the PUCCH conditioned that the first symbol of PUSCH is no earlier than the first symbol of PUCCH, and the last symbol of the PUSCH is no later than the last symbol of PUCCH.
Proposal 2: Use implicit indication for aperiodic CSI on PUSCH without UL-SCH and the corresponding modulation order.
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/************************ Start of Text Proposal **************************/
[bookmark: _Toc501387540]9	UE procedure for reporting control information
If a UE is configured with a SCG, the UE shall apply the procedures described in this subclause for both MCG and SCG.
-	When the procedures are applied for MCG, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.
-	When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells','serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG.
If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both primary PUCCH group and secondary PUCCH group
-	When the procedures are applied for the primary PUCCH group, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the primary PUCCH group respectively.
-	When the procedures are applied for secondary PUCCH group, the terms 'secondary cell', 'secondary cells','serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including the PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term 'primary cell' in this clause refers to the PUCCH-SCell of the secondary PUCCH group.
If a UE would transmit a PUCCH that has at least one overlapped symbol with a PUSCH transmission, if the first symbol of the PUSCH is no earlier than the first symbol of PUCCHand the last symbol of the PUSCH is no later than the end symbol of PUCCH, a same first symbol and duration with a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.

/************************ Unchanged parts omitted**************************/
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