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1	Introduction
In this contribution we discuss open issues related to UCI on PUSCH and rules how to handle overlapping single/multi-slot PUSCH and PUCCH transmissions.
[bookmark: _Ref178064866]2	UCI on PUSCH without UL-SCH
In the last meeting the following formulas have been agreed to determine HARQ-ACK and CSI resources for UCI on PUSCH without UL-SCH [1].







,
with SE the spectral efficiency. It has not been agreed how the UE obtains the SE value except that spectral efficiency is defined as code rate times modulation order. A simple approach is to use spectral efficiency/code rate/modulation order indicated by the MCS index in the UL grant.
[bookmark: _Toc513824228]The spectral efficiency SE in the resource determination formulas for HARQ-ACK and CSI Part1 on PUSCH without UL-SCH is obtained from the MCS index in the UL grant. The same MCS index table as for PUSCH with UL-SCH is used. 
The agreement does not specify how  is defined in above formulas. Currently 38.212 [3] defines  for HARQ-ACK (Section 6.3.2.4.1.1) and  for CSI part 1 
(Section 6.3.2.4.1.2), respectively. In a simple example, if beta values for HARQ-ACK and CSI part 1 are configured identical (), HARQ-ACK resources are determined using an effective beta factor  while CSI part 1 resources are determined with . This leads to a too low resource determination for HARQ-ACK. In the HARQ-ACK resource determination formula the beta offset value should be set to . 
[bookmark: _Toc513824229]In the resource determination formula for HARQ-ACK on UCI on PUSCH without UL-SCH the beta offset value should be set to . 

During the last meetings several proposals have been brought forward how to indicate A-CSI on UCI on PUSCH without UL-SCH. Several of these proposals rely on special combinations of certain DCI fields including the MCS index field. According to Proposal 1 above the MCS index field can no longer be chosen freely but is used to indicate spectral efficiency. Therefore, we propose to add a single bit to the UL grant to indicate A-CSI on UCI on PUSCH without UL-SCH.
[bookmark: _Toc513824230]A single bit is added to DCI format 0_1 to indicate A-CSI on UCI on PUSCH without UL-SCH.
3	Overlap between PUSCH and PUCCH
In meeting [2] the following has been agreed:
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
In meeting [1] the restriction to same starting symbol for overlapping single-slot PUSCH and PUCCH has been relaxed and the following working assumption has been adopted: 
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.
Missing are still agreements how to handle single-slot PUSCH overlaps multi-slot PUCCH and multi-slot PUSCH overlaps multi-slot PUCCH.
In our companion contribution [4], we discussed in detail the timeline requirements and explained that by following proposal, the UE would be provided with extra time needed for possible cancelation of preparing a transmission, before starting a new one, in cases that are needed. Detailed discussion can be found in [4].
[bookmark: _Toc513824231]For timeline requirements to multiplex UCI on one PUCCH or PUSCH resource for overlapping single-slot PUCCH/PUSCH resources in a slot, X=d1,1+d1,2 and Y=d2,1 as specified in TS38.214, subclause 5.3 and 6.4, respectively.

3.1	Single-slot PUSCH, multi-slot PUCCH
If a single-slot PUSCH overlaps a multi-slot PUCCH it does not make sense in our opinion to multiplex PUCCH on PUSCH: PUCCH slot-aggregation has been configured for improved coverage, multiplexing UCI into a single-slot PUSCH is likely to have worse coverage. For different starting times we propose the earlier physical channel is transmitted and the later physical channel is not transmitted.  In case both single-slot PUSCH and multi-slot PUCCH start in the same slot and symbol, two options can be considered: 1) Drop PUCCH and transmit PUSCH or 2) Drop PUSCH and transmit PUCCH. We discuss in the following both options and state our preference.
Comparing minimum K1 and K2 values one can observe that for low numerologies K1 and K2 are similar while for high numerologies K2 becomes larger than K1. If we assume PDSCH transmissions lasting over the complete slot UE could send ACK/NACK on a multi-slot PUCCH the earliest starting in slot n, when PDSCH is transmitted in slot n-3 (assuming K1=24 for ), see Figure 1 . A short long PUCCH could be sent at the end of slot n-1, but this contradicts the assumption of PUCCH slot-aggregation. A (long) PUSCH also scheduled in slot n-3 could the earliest be transmitted in slot n (assuming K2=36 for ). So even when K2>K1 a gNB can sent the UL grant in the same slot as the last DL assignment, so gNB is completely aware that PUCCH will be transmitted. Therefore, if gNB anyway schedules a PUSCH it is by purpose. Therefore, we propose PUSCH is prioritized and PUCCH is dropped (i.e. option 1). Above analysis was for  where K2 is substantially larger than K1. For lower numerologies the latest possible time instance when gNB can schedule a PUSCH becomes even later compared to the time it needs to schedule the last PDSCH. 
[image: ]
Figure 1: Timeline of DL and UL scheduling. At the time of PUSCH scheduling, gNB is aware of overlapping. 
[image: ]
Figure 2: Example of the overlapping rule of multi-slot PUCCH and single-slot PUSCH
[bookmark: _Toc513824232]When a multi-slot PUCCH overlaps with a single-slot PUSCH with a same first symbol and slot, PUCCH is not transmitted and PUSCH is transmitted. UCI is not piggybacked on PUSCH.
[bookmark: _Toc513824233]When a multi-slot PUCCH overlaps with a single-slot PUSCH with different starting time, the earlier physical channel is transmitted, and the later physical channel is not transmitted.
3.2	Multi-slot PUSCH, multi-slot PUCCH
It has been agreed (as working assumption) [1] for overlapping single-slot transmissions (even with not aligned starting positions) that UCI is multiplexed on PUSCH and PUCCH is dropped if the UE has sufficient preparation time. Details of this rule are still FFS.  
To generalize this rule to overlapping multi-slot PUSCH and PUCCH transmissions the UE determines if it can multiplex UCI in any slot of the PUSCH multi-slot transmission, according to the single-slot rule. If the UE does not find such a slot the earlier physical channel is transmitted, and the later physical channel is not transmitted (earlier is determined based on a comparison of the first symbol in the first slot). If the UE finds one or more such slots the earliest of these slot(s) is denoted slot n. If the PUSCH transmission contains, starting from slot n, at least as many slots as PUCCH slot-aggregation is configured with, UCI is multiplexed in as many PUSCH slots as PUCCH slot-aggregation is configured with, starting from slot n and PUCCH is not transmitted. Note, multi-slot PUSCH and PUCCH transmissions have the same symbol allocation in all slots. If one PUSCH slot can be used to multiplex UCI according to the single-slot rule, all subsequent PUSCH slots can also be used to multiplex UCI.  
If the PUSCH transmission contains fewer slots – starting from slot n – than PUCCH slot-aggregation is configured with, UCI is not multiplexed on PUSCH since UCI coverage cannot be guaranteed. The earlier physical channel is transmitted, and the later physical channel is not transmitted (earlier is determined based on a comparison of the first symbol in the first slot).
[image: ]
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[image: ]
Figure 3: Examples of Multi-slots PUCCH and PUSCH
[bookmark: _Toc513824234]A UE determines according to the single slot rule if it can multiplex UCI in any slot of the multi-slot PUSCH and denotes the first possible slot as slot n. Starting from slot n, UCI is multiplexed into as many PUSCH slots as PUCCH slot-aggregation is configured with and PUCCH is not transmitted. If UCI could only be multiplexed in fewer slots than PUCCH slot-aggregation is configured with, the earlier physical channel is transmitted and the later physical channel is not transmitted.
4	Conclusion
In this contribution we discussed open issues related to UCI on PUSCH and rules how to handle overlapping single/multi-slot PUSCH and PUCCH transmissions. Based on the discussion in the previous sections we propose the following:
Proposal 1	The spectral efficiency SE in the resource determination formulas for HARQ-ACK and CSI Part1 on PUSCH without UL-SCH is obtained from the MCS index in the UL grant. The same MCS index table as for PUSCH with UL-SCH is used.
Proposal 2 	In the resource determination formula for HARQ-ACK on UCI on PUSCH without UL-SCH the beta offset value should be set to .
Proposal 3 	A single bit is added to DCI format 0_1 to indicate A-CSI on UCI on PUSCH without UL-SCH.
Proposal 4 	For timeline requirements to multiplex UCI on one PUCCH or PUSCH resource for overlapping single-slot PUCCH/PUSCH resources in a slot, X=d1,1+d1,2 and Y=d2,1 as specified in TS38.214, subclause 5.3 and 6.4, respectively.
Proposal 5 	When a multi-slot PUCCH overlaps with a single-slot PUSCH with a same first symbol and slot, PUCCH is not transmitted and PUSCH is transmitted. UCI is not piggybacked on PUSCH.
Proposal 6 	When a multi-slot PUCCH overlaps with a single-slot PUSCH with different starting time, the earlier physical channel is transmitted, and the later physical channel is not transmitted.
Proposal 7 	A UE determines according to the single slot rule if it can multiplex UCI in any slot of the multi-slot PUSCH and denotes the first possible slot as slot n. Starting from slot n, UCI is multiplexed into as many PUSCH slots as PUCCH slot-aggregation is configured with and PUCCH is not transmitted. If UCI could only be multiplexed in fewer slots than PUCCH slot-aggregation is configured with, the earlier physical channel is transmitted and the later physical channel is not transmitted.
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Case la: Multiplex UCl on PUSCH. Drop PUCCH.
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Case 1b: Multiplex UCI on PUSCH. Drop PUCCH.
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Case 2: Drop PUCCH and don’t transmit UCI.
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