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1. Introduction
In Rel-16, sub-slot based PUCCH is introduced, by applying the handling of a slot based PUCCH in Rel-15 to a sub-slot based PUCCH. However, we identified case(s) on UCI multiplexing which is not covered by such direct extension. We discuss details of the identified issue in this contribution.  
2. Discussion
There are the following descriptions in current TS 38.213 [1]: 
“In the remaining of this Clause, if a UE is provided subslotLength-ForPUCCH, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLength-ForPUCCH.”
“A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if .”

Based on the above descriptions, the UE does not expect to handle the case when one PUSCH overlaps with more than one PUCCHs with UCI of same type in different sub-slots if PUSCH SCS is less than PUCCHs SCS as shown in figure 1. 
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Figure 1
Observation 1: Based on current TS 38.213, the UE does not expect to handle the case when one PUSCH overlaps with more than one PUCCHs with UCI of same type in different sub-slots if PUSCH SCS is less than PUCCH SCS.

However, due to introduction of sub-slot based PUCCHs, PUCCHs that includes UCI of same type in different sub-slots could overlap with a PUSCH in one slot even if  as shown in figure 2. Based on the current TS 38.213, the UE may need to handle the case when one PUSCH overlaps with more than one PUCCHs with UCI of same type in different sub-slots if  since this case is considered as error case for  only.
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Figure 2

Observation 2: PUCCHs that includes UCI of same type in different sub-slots could overlap with a PUSCH in one slot even if PUSCH SCS is equal to or larger than PUCCH SCS and such case is not considered as error case in current TS 38.213.

Observation 3: Based on current TS 38.213, the UE may need to handle the case when one PUSCH overlaps with more than one PUCCHs with UCI of same type in different sub-slots if PUSCH SCS is equal to or larger than PUCCH SCS.

Given the current stage of Rel-16, it is not expected that UE behavior for the cases illustrated in figure 2 would be further discussed and specified. Also, the existing error case originates from the following agreement in RAN1#94bis [2]:
Agreement:
A UE does not expect to multiplex in a PUSCH transmission in one slot UCI of same type that the UE would transmit in PUCCHs in different slots

The reason for capturing “if ” in Rel 15 is due to the fact that it is not possible for more than one PUCCHs in different slots overlap with a PUSCH in one slot when  since there is no sub-slot based PUCCH in Rel-15. Therefore, we propose to apply the same handling done for the case  to the case . The error case in TS 38.213 regarding overlapping between PUCCHs in different (sub-)slots and PUSCH is extended to cover the case , i.e. a UE does not expect to multiplex in a PUSCH transmission in one slot UCI of same type that the UE would transmit in PUCCHs in different slots if . As a result, a UE does not expect to multiplex in a PUSCH transmission in one slot UCI of same type that the UE would transmit in PUCCHs in different slots regardless of SCS configuration between PUCCH and the PUSCH.

Proposal 1: The error case in TS 38.213 regarding overlapping between PUCCHs in different (sub-)slots and PUSCH is extended to cover the case , i.e. a UE does not expect to multiplex in a PUSCH transmission in one slot UCI of same type that the UE would transmit in PUCCHs in different slots if PUSCH SCS is greater than or equal to PUCCH SCS.

Proposal 2: Regardless of SCS configuration between PUCCH and the PUSCH, a UE does not expect to multiplex in a PUSCH transmission in one slot UCI of same type that the UE would transmit in PUCCHs in different (sub-)slots.

Proposal 3: RAN1 adopts one of text proposals below:

	Text Proposal 1 (for TS 38.213 v16.1.0, Session 9)
< Unchanged parts are omitted >
A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if <.
< Unchanged parts are omitted >



	Text Proposal 2 (for TS 38.213 v16.1.0, Session 9)
< Unchanged parts are omitted >
A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if <. If subslotLength-ForPUCCH is provided, a UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if .
< Unchanged parts are omitted >



Another method to handle PUCCHs with UCI of same type in different slots overlapping with a PUSCH in one slot is to drop the PUSCH overlapped with PUCCHs, which is similar to a procedure that a PUSCH overlapped by a PUCCH with repetition over several slots. Therefore, we propose a UE drops the PUSCH when PUCCHs with UCI of same type in different slots overlapping with a PUSCH in one slot, if  Or a UE drops the PUSCH when PUCCHs with UCI of same type in different slots overlapping with a PUSCH in one slot, regardless of SCS configuration between PUCCHs and the PUSCH.

Proposal 4: A UE drops the PUSCH when PUCCHs with UCI of same type in different slots overlapping with a PUSCH in one slot, if PUSCH SCS is greater than or equal to PUCCHs SCS.

Proposal 5: Regardless of SCS configuration between PUCCHs and the PUSCH, a UE drops the PUSCH when PUCCHs with UCI of same type in different slots overlap with a PUSCH in one slot. 
3. Conclusion
In this contribution, we discuss an issue that has been solved in Rel 15, but still unclear in Rel 16 since sub-slot based PUCCH is introduced. We give some observation and proposals as following:
Observation 1: Based on current TS 38.213, the UE does not expect to handle the case when one PUSCH overlaps with more than one PUCCHs with UCI of same type in different sub-slots if PUSCH SCS is less than PUCCH SCS.

Observation 2: PUCCHs that includes UCI of same type in different sub-slots could overlap with a PUSCH in one slot even if PUSCH SCS is equal to or larger than PUCCH SCS and such case is not considered as error case in current TS 38.213.

Observation 3: Based on current TS 38.213, the UE may need to handle the case when one PUSCH overlaps with more than one PUCCHs with UCI of same type in different sub-slots if PUSCH SCS is equal to or larger than PUCCH SCS.

Proposal 1: The error case in TS 38.213 regarding overlapping between PUCCHs in different (sub-)slots and PUSCH is extended to cover the case , i.e. a UE does not expect to multiplex in a PUSCH transmission in one slot UCI of same type that the UE would transmit in PUCCHs in different slots if PUSCH SCS is greater than or equal to PUCCH SCS.

Proposal 2: Regardless of SCS configuration between PUCCH and the PUSCH, a UE does not expect to multiplex in a PUSCH transmission in one slot UCI of same type that the UE would transmit in PUCCHs in different (sub-)slots.

Proposal 3: RAN1 adopts one of text proposals below:

	Text Proposal 1 (for TS 38.213 v16.1.0, Session 9)
< Unchanged parts are omitted >
A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if <.
< Unchanged parts are omitted >



	Text Proposal 2 (for TS 38.213 v16.1.0, Session 9)
< Unchanged parts are omitted >
A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if <. If subslotLength-ForPUCCH is provided, a UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if .
< Unchanged parts are omitted >



Proposal 4: A UE drops the PUSCH when PUCCHs with UCI of same type in different slots overlapping with a PUSCH in one slot, if PUSCH SCS is greater than or equal to PUCCHs SCS.

Proposal 5: Regardless of SCS configuration between PUCCHs and the PUSCH, a UE drops the PUSCH when PUCCHs with UCI of same type in different slots overlap with a PUSCH in one slot. 
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