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In this contribution, we discuss an issue of PUCCH overlapping with PUCCH repetitions and propose a TP to Rel-16 TS 38.213 to fix this issue. 
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In TS 38.213 (Rel-16), the following procedures are defined to resolve overlapping between PUCCH channels, in case at least one of the PUCCH channels is with repetition. Clause 9: 
If a UE has overlapping resources for PUCCH transmissions in a slot and at least one of the PUCCH transmissions is with repetitions over multiple slots, the UE first follows the procedures described in clause 9.2.6 for resolving the overlapping among the resources for the PUCCH transmissions.
Clause 9.2.6: 
“A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then,  for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority 
- the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
- if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
- if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority.”



However, the cancellation rule in Clause 9.2.6 was only defined to resolve pair-wise overlapping. In particular, in case of a three-way overlapping (for example, as shown in the scenario in Fig. 1 below), there may be ambiguity on the UE behaviour to resolve the three-way collisions. 
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Fig. 1 Scenario for a three-way collision between PUCCH and PUCCH repetitions
In this case, depending on which order the UE handles pair-wise collisions, there may be different outcomes. For example, if the UE resolves collision first between SR and CSI, then CSI is dropped. Then the UE resolves collision between SR and HARQ-ACK. The outcome is that SR is dropped, and HARQ-ACK is transmitted. On the other hand, if the UE first resolves the collision between SR and HARQ-ACK, then only SR will be dropped while both CSI and HARQ-ACK are transmitted. 
Text proposal
In order to address the issues explained in Section 2, we propose to adopt the following TP on 38.213. In particular, in the group of overlapping channels, the UE shall only transmit the channel with highest priority (where the priority is determined based on the same approach as in Clause 9.2.6 based on the UCI type and starting slot of the PUCCH), and drop all the lower priority PUCCH channels in the group. Furthermore, the overlapping groups are identified using the same approach as in Clause 9.2.5 for UCI multiplexing for PUCCH channels without repetition. 
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**** unchanged text omitted ******
A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
-	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
-	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
-	if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority 
If a UE would transmit a group of overlapping PUCCH channels {Q(j-o+1),…,Q(j)} with a same priority index as described in Clause 9.2.5 in a slot, and if at least one of the PUCCH in the group is repeated over more than one slots, the UE transmits the PUCCH with the highest priority in the group in the slot using the procedures described above and does not transmit the other PUCCH(s) in the group.  
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