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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In TS 38.213, multiple rules to address the overlapping between PUCCH and PUCCH, PUCCH(s) and PUSCH(s) are introduced separately. However, the specification does not intend the processing order to apply these rules in a way which will result in misalignment between UE and gNB. Furthermore, rules for some specific overlapping scenarios are still missing. In this contribution, both missing cases and processing order issue are discussed. 
[bookmark: _Ref129681832]Overlapping between PUCCHs and PUSCH without UL-SCH
In TS 38.213 Clause 9, two rules to address the collision between PUCCH and PUSCH without UL-SCH are defined. When a PUCCH transmission with positive SR information overlaps with a PUSCH without UL-SCH, the PUSCH should be dropped and only the SR on PUCCH is transmitted. On the other hand, if a PUCCH transmission includes HARQ-ACK or HARQ-ACK and CSI, the UE will only multiplex the HARQ-ACK information on the PUSCH, if the PUCCH and PUSCH are overlapping. However, when the PUSCH without UL-SCH overlaps with the two PUCCHs for positive SR and HARQ-ACK simultaneously and these PUCCHs are TDMed in the time, which PUCCH is selected to process first?
For example, shown as Figure 1, if the PUCCH transmission with SR is processed with PUSCH in the beginning, the first rule, dropping PUSCH, is applied. After that, there are no channels overlapping with PUCCH include HARQ-ACK anymore, so both two PUCCHs can be transmitted.
[image: ]
[bookmark: _Ref16100655]Figure 1. Processing order 1: address the overlapping between SR and PUSCH first
In other way, the overlapping related to the HARQ-ACK could be processed at first. Shown as Figure 2, the HARQ-ACK would be multiplexed on the PUSCH after first step but at the second step the HARQ-ACK is dropped along with the PUSCH based on first rule. Therefore, only the PUCCH transmission with positive SR is transmitted in the end.
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[bookmark: _Ref16101026]Figure 2. Processing order 2: address the overlapping between HARQ-ACK and PUSCH first
The ambiguity of the processing order would result in the misalignment between gNB and UE. The gNB may miss the HARQ-ACK information if the gNB process the PUCCH with HARQ-ACK first but UE starts with addressing the PUCCH with SR, which will cause addition retransmission and delay. Therefore it seems necessary to set a definite order to process PUCCHs when they are simultaneously overlapping with same PUSCH.
One processing order is defined based on UCI type. Such as Figure 1, the PUCCH with positive SR is selected first and the overlapping between SR and PUSCH is processed and then both two PUCCHs are reserved. But this kind of rule is not always feasible for the UE implementation, especially the PUCCHs and PUSCH locate at different serving cells with distinguished numerologies. 
The other processing order is based on PUCCH transmission timing, a PUCCH starting earlier should be picked and the overlapping between the PUCCH and PUSCH should be addressed first. Following the PUCCH timing order, UE could process the overlapping as soon as possible, which is beneficial for the mix numerology scenario, one PUSCH overlaps with multiple PUCCHs at different slots. From our side, this approach is preferred and it is suggested RAN1 to conclude it. If agreed, the draft CR 1 attached can be a starting point for further discussion/adoption.
Proposal 1: RAN1 to discuss and conclude the processing order for PUSCH without UL-SCH overlapping with multiple PUCCHs.
Below we discuss the issue of overlapping between PUCCH(s) using dedicated and common PUCCH resources.
In TS 38.213 subclause 9.2.1, when UE is not provided higher layer parameter PUCCH-ResourceSet in PUCCH-Config, UE should use common PUCCH resource defined in Table 9.2.1-1 to transmit at most one bit HARQ-ACK information. For other UCI, such as SR, the time domain resource is configured through a separate higher layer signaling: SchedulingRequestResourceConfig. For some cases, e.g. for unpaired spectrum, the UL symbols can be limited. Since the frequency domain PUCCH resources and cyclic shifts are based on common configuration, the two PUCCH transmissions could overlap in time.
To resolve this if not by gNB scheduling, one solution is to introduce another cyclic shift value in addition to the initial value set in the Table 9.2.1-1. However, this requires much specification efforts thus may not be preferable at this stage. 
Another solution is to simply define that, when the first PUCCH using common resource conveying HARQ-ACK overlapping with a second PUCCH carrying SR, the second PUCCH is dropped/not transmitted. This may actually be the practical smart UE, since SR transmission occasion is periodical such that a UE can anyway transmit SR at the next available occasion. The corresponding specification work based on draft CR 2 is prepared for further discussion. 
Proposal 2: RAN1 to discuss and conclude the intended UE behavior in the case that PUCCHs using common resources overlap.
Conclusions
As the analysis above, the following text proposals and conclusions were made:
Proposal 1: RAN1 to discuss and conclude the processing order for PUSCH without UL-SCH overlapping with multiple PUCCHs.
Proposal 2: RAN1 to discuss and conclude the intended UE behavior in the case that PUCCHs using common resources overlap.
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