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Introduction
Regarding UCI multiplexing on PUSCH, some of the agreements achieved in the previous meeting [1] are listed below: 
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Agreements:
· When a single slot PUCCH overlap with a single slot PUSCH with the same starting symbol and with different ending symbols, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH. 
· FFS: overlap for multiple slot transmissions.

Agreements:
· In case a single slot PUCCH overlap with a multi-slot PUSCH transmission 
· If the starting symbol of PUCCH and PUSCH are aligned in a slot, piggyback UCI on PUSCH in that slot using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH and drop PUCCH transmission 
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Agreements:
For UCI-only multiplexed on PUSCH without UL-SCH
· Modulation order and code rate are signalled 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 signalled.

Therefore, in this contribution, we give analysis and discussion on the remaining FFS issues.


Discussion

It has been agreed that in case a single slot PUCCH overlap with a single/multiple slot(s) PUSCH with the same starting symbol in a slot, UCI is piggybacked on PUSCH with the same multiplexing rules defined for fully overlapping case.
Therefore, the following remaining cases need to address:

Multiple slot PUCCH overlap with single slot PUSCH with aligned starting symbols in a slot
In this case, two options can be considered:
(a) Piggyback the UCI in the overlapped single slot PUSCH. Drop the PUCCH transmission in the overlapped slot. PUCCH transmission in the non-overlapped slot is not impacted.
(b) Not piggyback the UCI in the overlapped single slot PUSCH. Drop the PUCCH transmission in the overlapped slot. PUCCH transmission in the non-overlapped slot is not impacted.
Option (a) has one more slot UCI transmission which may benefit the performance through potential time diversity gain but can not contribute decoding combination gain with other duplicates in the PUCCH repetition. The PUSCH performance is degraded compared with (b). Option (b) gives better PUSCH performance while losing some portion of UCI transmission energy. Considering dropping one of the PUCCH repetition has no substantial impact and option (b) provides much simpler solution, we propose to adopt option (b). Moreover, this solution is also straightforward to apply to the cases that the starting symbols of PUCCH and PUSCH are not aligned. Thus, we propose
Proposal 1: When multiple slot PUCCH overlap with single slot PUSCH, drop the PUCCH transmission in the overlapped slot. The PUCCH and PUSCH transmission in other slots are not impacted.

Multiple slot PUCCH overlap with multiple slot PUSCH with aligned starting symbols in the overlapped slot(s)
From the perspective of gNB scheduling implementation, this case should be avoided as much as possible in our opinion. It will lead to unnecessary UE implementing complexity and may degrade the PUSCH performance in all the overlapped slots if adopting UCI piggybacking.
To look into this case in more details, if overlapping happens in only one or minor slot(s), dropping either one of them in that slot is the most preferable solution. However, if the overlapping happens in multiple slots, dropping operation may impact the performance severely. It is noted that, at this moment, it is difficult to nail down an agreeable value of overlapped slots as a threshold to determine when UE should piggyback UCI in the PUSCH. Hence, we propose
Proposal 2: When multiple slot PUCCH overlap with multiple slot PUSCH with aligned starting symbols in the overlapped slots, piggyback UCI on PUSCH in the overlapped slots using the same multiplexing rules defined for fully overlapping case. The PUCCH and PUSCH transmission in other slots are not impacted.

Single or multiple slot PUCCH overlap with single or multiple slot PUSCH with unaligned starting symbols in the overlapped slot(s) 
In general, if a UE needs to implement UCI piggybacking in PUSCH, the original PUCCH transmission staring point should be earlier than or same with that of PUSCH transmission. In case that the PUCCH starting point is later than that of PUSCH, dropping operation or piggybacking in the next slot may be considered. To follow the principles of the proposals on the symbol aligning cases, we have the following proposals:
Proposal 3: When singe/multiple slot PUCCH overlap with single/multiple slot PUSCH with unaligned starting symbols in the overlapped slot(s),
· In case a single slot PUCCH overlaps with a single slot PUSCH transmission
· If the starting symbol of PUCCH is earlier than that of PUSCH, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined for full overlapping case.
· If the starting symbol of PUCCH is later than that of PUSCH, drop the PUSCH at least for the overlapped part.
· In case a single slot PUCCH overlaps with a multiple slot PUSCH transmission
· If the starting symbol of PUCCH is earlier than that of PUSCH in the overlapped slot, PUCCH is not transmitted and UCI is piggybacked on PUSCH in the overlapped slot using the same multiplexing rules defined for full overlapping case.
· If the starting symbol of PUCCH is later than that of PUSCH in the overlapped slot, drop the PUSCH at least for the overlapped part.
· In case a multiple slot PUCCH overlaps with a single slot PUSCH transmission
· Drop the PUCCH transmission in the overlapped slot
· In case a multiple slot PUCCH overlaps with a multiple slot PUSCH transmission
· If the starting symbol of PUCCH is earlier than that of PUSCH in the overlapped slot(s), PUCCH is not transmitted and UCI is piggybacked on PUSCH in the overlapped slot(s) using the same multiplexing rules defined for full overlapping case.
· If the starting symbol of PUCCH is later than that of PUSCH in the overlapped slot(s), PUCCH is not transmitted in the overlapped slot(s) and the corresponding UCI is piggybacked on the PUSCH in the next slot if available. 
[bookmark: _GoBack]
On indication for A-CSI only without UL-SCH on PUSCH
Regarding UCI only on PUSCH without UL-SCH, we have the remaining issues on the FFS bullets:
· 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 LTE, A-CSI only without UL-SCH or multiplexing with UL-SCH is implicitly indicated by IMCS. If the indicated MCS level lies in the reserved entries and the allocation PRB number is smaller than a certain value, then there is no transport block for the UL-SCH and only the control information feedback is transmitted by UE. 
To address the above remaining issues, in our opinion, it is a straight forward way to add one bit in DCI to explicitly indicate A-CSI only without UL-SCH and use the MCS levels to indicate the modulation and coding rate. Hence,
Proposal 4: Add one bit in DCI to explicitly indicate the A-CSI only without UL-SCH on PUSCH and use the MCS field to indicate the modulation and coding rate.

 
Conclusions
In this contribution, we provide our views on remaining issues of UCI multiplexing with PUSCH. To sum up the discussion and proposals:
Proposal 1: When multiple slot PUCCH overlap with single slot PUSCH, drop the PUCCH transmission in the overlapped slot. The PUCCH and PUSCH transmission in other slots are not impacted.
Proposal 2: When multiple slot PUCCH overlap with multiple slot PUSCH with aligned starting symbols in the overlapped slots, piggyback UCI on PUSCH in the overlapped slots using the same multiplexing rules defined for fully overlapping case. The PUCCH and PUSCH transmission in other slots are not impacted.
Proposal 3: When singe/multiple slot PUCCH overlap with single/multiple slot PUSCH with unaligned starting symbols in the overlapped slot(s),
· In case a single slot PUCCH overlaps with a single slot PUSCH transmission
· If the starting symbol of PUCCH is earlier than that of PUSCH, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined for full overlapping case.
· If the starting symbol of PUCCH is later than that of PUSCH, drop the PUSCH at least for the overlapped part.
· In case a single slot PUCCH overlaps with a multiple slot PUSCH transmission
· If the starting symbol of PUCCH is earlier than that of PUSCH in the overlapped slot, PUCCH is not transmitted and UCI is piggybacked on PUSCH in the overlapped slot using the same multiplexing rules defined for full overlapping case.
· If the starting symbol of PUCCH is later than that of PUSCH in the overlapped slot, drop the PUSCH at least for the overlapped part.
· In case a multiple slot PUCCH overlaps with a single slot PUSCH transmission
· Drop the PUCCH transmission in the overlapped slot
· In case a multiple slot PUCCH overlaps with a multiple slot PUSCH transmission
· If the starting symbol of PUCCH is earlier than that of PUSCH in the overlapped slot(s), PUCCH is not transmitted and UCI is piggybacked on PUSCH in the overlapped slot(s) using the same multiplexing rules defined for full overlapping case.
· If the starting symbol of PUCCH is later than that of PUSCH in the overlapped slot(s), PUCCH is not transmitted in the overlapped slot(s) and the corresponding UCI is piggybacked on the PUSCH in the next slot if available. 
Proposal 4: Add one bit in DCI to explicitly indicate the A-CSI only without UL-SCH on PUSCH and use the MCS field to indicate the modulation and coding rate.
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