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Introduction
Up to now, design of UCI multiplexing has been mostly completed. However, there are still some remaining issues to be resolved. In the RAN1 #92 meeting, there are the following agreements which include some remaining issues about indication of UCI-only and modulation order for UCI only on PUSCH [1]:
Agreements:
For UCI-only multiplexed on PUSCH without UL-SCH
· Modulation order and code rate are signaled in DCI.
· Resource determination following the same principle as UCI multiplexing on PUSCH with UL-SCH.  
· FFS: A-CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI or triggered implicitly based on a special combination of certain existing fields in DCI.
· FFS: how modulation and code rate are signaled.
In the RAN1 #92bis meeting, many offline discussions were held about the UCI multiplexing in the case of partial overlap between PUCCH and PUSCH with different starting symbol. There are the following working assumptions which a lot of “FFS” items are left [2].
Working assumption:
· When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,
· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if both following conditions are satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n
· If at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified. 
· The definition of N1 and N2 follows the same definition in current NR spec. 
· X and Y are non-negative integer values.
· FFS on values of X and Y 
· FFS on timeline requirement for multiplexing UCIs on PUSCH with A-CSI. 
· FFS how to handle one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.
· FFS: how to handle HARQ-ACK for semi-static PDSCH.
· FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.
· FFS: how to handle semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH.
· Note: The above proposal does not override the dropping rules defined for ACK/SR colliding with A-CSI-only on PUSCH without UL-SCH, or ACK/SR colliding with SP-CSI on PUSCH without UL-SCH. 
Note: Consider how to handle PUCCH colliding with other UL channels in NR Rel. 15 June drop when URLLC is taking into account.
In this contribution, we will discuss these remaining issues about UCI multiplexing on PUSCH. 
Discussion
2.1 Indication of UCI-only and modulation order for UCI only on PUSCH
According to the current agreements, two options are to be down selected to distinguish two kinds of UL scheduling: PUSCH with UL-SCH, and PUSCH with UCI-only and without UL-SCH.
· Option1: A-CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI.
With one bit added in the DCI, extra overhead is introduced which impacts the UL coverage and efficiency of control channel. Besides, considering UL scheduling for UCI-only is not a frequent occurring case, including explicit bits in the UL grant could be considered only when obvious necessity is observed.
· Option2: A-CSI only without UL-SCH on PUSCH is triggered implicitly based on a special combination of certain existing fields in DCI.
If some states for normal PUSCH with UL-SCH transmission is used to indicate UCI transmission on PUSCH without UL-SCH, the scheduling flexibility of PUSCH with UL-SCH would be impacted. Then it is preferred to use some special combination of fields in DCI that is infrequently used to decrease the impacts. It was observed that RV=1 is seldom used considering it is usually the last used version for retransmission. Furthermore, comparing with initial transmission, retransmission is more infrequent since the error probability of initial transmission has been guaranteed below a certain level. The value of  is used for PUSCH retransmission. So it was proposed to use  together with RV=1, and “CSI request” corresponds to “on” to distinguish UCI only in PUSCH from with UL-SCH in PUSCH. At the same time, the  denotes the modulation order for UCI only on PUSCH. However, when A-CSI is triggered in the PUSCH, UL-SCH retransmission cannot use , RVID=1 anymore. Still the scheduling of UL-SCH retransmission is much impacted.
It is noticed that for the case of UCI only without UL-SCH in PUSCH the bit field of “HARQ process number” in DCI is meaningless and can be used for the indication of corresponding modulation order. Without the pressure of indicating modulation of UCI only without UL-SCH in PUSCH, only one entry from  is needed to indicate the UCI only case. Considering high modulation order is less possible to be used for retransmission, the  corresponds to 64QAM(or 256QAM when configured） can be used. Then it is proposed to have the combination of , RVID =1 and “CSI request” corresponds to “on”  in DCI to indicate UCI only without UL-SCH transmission in PUSCH. After UCI only transmission is decided, the bit filed of “HARQ process number” can be used to indicate the modulation order. With this combination, the influence to scheduling flexibility of UL-SCH can be further decreased.
Proposal 1: Have the combination of , RVID =1 and “CSI request” corresponds to “on”  in DCI to indicate UCI only without UL-SCH transmission in PUSCH. After UCI only transmission is decided, use the bit filed of “HARQ process number” in DCI to indicate the modulation order.
2.2 UCI multiplexing on configured PUSCH
It was agreed to reuse the MCS table and TBS calculation formula and the configuration for configured PUSCH as in grant-based case [3]. In the current TBS determination formula, the REs occupied by UCI in PUSCH is not considered. When the payload of UCI is very large, gNB can allocate more number of PRBs for PUSCH or indicate a proper dynamic beta_offset for UCI since the gNB has the idea of how much UCIs are to be carried by the scheduled PUSCH. For configured PUSCH, since there is no real time DCI indication and most of the UCIs are rate matched with UL-SCH it is possible the determined TBS is larger than the capacity of PUSCH. On the other hand, configured PUSCH can be used other services like URLLC. The UCI multiplexing on configured PUSCH for URLLC may impact the reliability of URLLC service much. To make the performance of UL-SCH and UCI within the configured PUSCH is under the control of gNB, it is proposed to have independent beta_offset for each configured PUSCH resource and the UCI transmission on configured PUSCH can be disabled/enabled by the gNB. Disabling can be achieved by configuring the value of “0” as the “beta_offset” of the configured PUSCH. 
Proposal 2: Have independent beta_offset for each configured PUSCH resource. UCI transmission on configured PUSCH can be disabled/enabled by the gNB by configuring the value of “0” as the “beta_offset” of the configured PUSCH.
2.3 Partial overlap between PUCCH and PUSCH with different starting symbol
According to the working assumption made in the RAN1 #92bis meeting, the existing UCI multiplexing rule is applied when the two predefined conditions are satisfied
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n
It is possible multiple PUSCHs satisfies the two conditions, and it is necessary to define a rule to select one of the PUSCHs to carry the UCI in the PUCCH. Considering the latency of UCI delivery, it is proposed to piggyback the UCI on the PUSCH which starts earliest and satisfies the two conditions. When more than one PUSCH starts at the earliest symbol, the one which corresponds to the smallest cell index is used.
Proposal 3: When one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement, UCI is piggybacked to the PUSCH which starts earliest. If more than one PUSCH starts at the earliest symbol, the one which corresponds to the smallest cell index is used.
Conclusion
In this contribution, we discussed the remaining issues about UCI multiplexing on PUSCH without UL-SCH. The following proposals are reached:
Proposal 1: Have the combination of , RVID =1 and “CSI request” corresponds to “on”  in DCI to indicate UCI only without UL-SCH transmission in PUSCH. After UCI only transmission is decided, use the bit filed of “HARQ process number” in DCI to indicate the modulation order.
Proposal 2: Have independent beta_offset for each configured PUSCH resource. UCI transmission on configured PUSCH can be disabled/enabled by the gNB by configuring the value of “0” as the “beta_offset” of the configured PUSCH.
Proposal 3: When one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement, UCI is piggybacked to the PUSCH which starts earliest. If more than one PUSCH starts at the earliest symbol, the one which corresponds to the smallest cell index is used.
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