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Introduction
In RAN1#108-e, intra UE multiplexing/prioritization for more than 2 overlapping PUCCHs including repetitions and/or PUSCHs was discussed under Rel-17 URLLC. It seems companies have different understanding on UE behaviour of the same priority. This contribution discusses intra UE multiplexing/prioritization for more than 2 overlapping PUCCHs including repetitions and/or PUSCHs.
Discussion
1 
2 
More than two overlapping PUCCHs with repetitions of the same priority
In TS 38.213 9.2.6, resolving two overlapping PUCCHs including at least one PUCCH with repetitions was defined, however, for more than 2 overlapping PUCCHs including at least one PUCCH with repetitions, UE behaviour is not clear. 
For example, as shown in Figure 1, a SR PUCCH repetition overlaps with both HARQ-ACK PUCCH and CSI PUCCH where the HARQ-ACK PUCCH and CSI PUCCH are not overlapping. There can be two UE behaviours.
Behaviour 1:  UE first resolves the collision of SR and CSI and UE drops CSI and then UE resolves the collision of SR and HARQ-ACK, the SR will be dropped. The UE will transmit the HARQ-ACK PUCCH.
Behaviour 2: UE first resolves the collision of SR and HARQ-ACK, the SR will be dropped and UE can transmit both HARQ-ACK and CSI. 
[image: ]
Figure 1
There are similar cases that result in unclear UE behaviour, a unified solution is preferred. A simple solution can be that UE chooses up to 2 PUCCHs according to selection order defined in the pseudo-code in TS 38.213 9.2.5 and then UE determines a single PUCCH according to the rules defined in clause 9.2.6 if there is repetition or clause 9.2.5, otherwise.
Proposal 1: For resolving more than two overlapping PUCCHs of the same priority, reuse the pseudo-code in TS 38.213 9.2.5 with the restriction of selecting up to 2 PUCCH resources and apply the rules defined in clause 9.2.6 if there is repetition or clause 9.2.5, otherwise. Adopt the following TP for section 9.2.5 and 9.2.6 of TS 38.213.

-------------------------------------------------- Start of text proposal ------------------------------------------------------
9.2.5 UE procedure for reporting multiple UCI types
<Unchanged text omitted>
Set [image: ] to the cardinality of [image: ]
Set [image: ]to be the first symbol of resource [image: ] in the slot
Set [image: ] to be the number of symbols of resource [image: ] in the slot
Set [image: ] - index of first resource in set [image: ]
Set [image: ] - counter of overlapped resources
while [image: ]
if [image: ] and resource [image: ] overlaps with resource [image: ] and the resources in set  does not include a PUCCH with repetitions, or 
 and resource  overlaps with resource , , and the resources in set  includes at least a PUCCH with repetitions
[image: ]
[image: ]
else
if [image: ]
determine a single resource for multiplexing UCI associated with resources [image: ] as described in clauses 9.2.5.0, 9.2.5.1, and 9.2.5.2 and 9.2.6
set the index of the single resource to [image: ] 
[image: ]
[image: ] % start from the beginning after reordering unmerged resources at next step
[image: ]
[image: ] % function that re-orders resources in current set [image: ]
Set [image: ] to the cardinality of [image: ]
else
[image: ]
end if
end if
end while
<Unchanged text omitted>
[bookmark: _Toc12021483][bookmark: _Toc20311595][bookmark: _Toc26719420][bookmark: _Toc29894855][bookmark: _Toc29899154][bookmark: _Toc29899572][bookmark: _Toc29917309][bookmark: _Toc36498183][bookmark: _Toc45699210][bookmark: _Toc98434657]9.2.6	PUCCH repetition procedure
<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 more than two overlapping PUCCH transmissions where at least one PUCCH transmission is with repetitions over  slots, the UE resolves the overlapping for PUCCH transmissions within the slot using the pseudo-code in clause 9.2.5.
<Unchanged text omitted>
----------------------------------------------------- End of text proposal ------------------------------------------------------

More than two overlapping PUCCHs with repetitions and PUSCH(s) of the same priority
For the case of overlapping PUCCH and PUSCH, an example is given in Figure 2, in this case UE behaviour is not clear either. There can be two UE behaviours.
Behaviour 1:  UE first resolves the collision of SR and PUSCH and UE drops the PUSCH. The UE will transmit the HARQ-ACK and SR.
Behaviour 2: UE first resolves the collision of HARQ-ACK and PUSCH, the HARQ-ACK will be multiplexed in the PUSCH and then UE resolves the collision of SR and PUSCH. In this case, the PUSCH with HARQ-ACK will be dropped. The UE will transmit the SR PUCCH.
[image: ]
Figure 2
Similar issue was discussed in Rel-18 URLLC and we made the following agreement.
	Agreement
For resolving collision of overlapping PUCCHs and PUSCHs of different priorities in Step 2.2,
· If a LP PUSCH overlaps with a HP PUCCH with repetitions, the LP PUSCH is dropped before multiplexing with HP HARQ-ACK if any.
· If a HP PUSCH overlaps with a LP PUCCH with repetitions, the LP PUCCH is dropped.




Clearly, the Behaviour 1 has better performance and should be adopted.
Proposal 2: For resolving overlapping PUCCHs and PUSCH(s) of the same priority, UE first drops a PUSCH before multiplexing the UCI in the PUSCH if the PUSCH overlaps with a PUCCH with repetitions. 
Proposal 3：Adopt the following TP for section 9 of TS38.213.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
9 UE procedure for reporting control information
<Unchanged text omitted>
[bookmark: _Hlk101258916]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.
If a UE has overlapping resources for PUCCH and PUSCH transmissions in a slot and at least one of the PUCCH transmissions is with repetitions over multiple slots, the UE first drops PUSCH transmissions that would overlap with a PUCCH transmission with repetitions as described in clauses 9.2.6, and then the UE resolves the overlapping for PUCCH transmissions without repetitions and for PUSCH transmissions, if any, described in this clause
<Unchanged text omitted>
----------------------------------------------------- End of text proposal ------------------------------------------------------
Overlapping PUCCHs with repetitions and/or PUSCH(s) of the different priorities
We have the following agreement in RAN1#102-e.
	Agreement
Confirm the following working assumption and remove the brackets as follows:
· A UE behavior of handling intra-UE prioritization/multiplexing for overlapping UL transmissions on semi-static flexible symbols is not affected by UL cancellation due to dynamic SFI or [DL grant]
· Note: The UE performs prioritization/multiplexing first and once done applies dynamic SFI



 
During the discussion, PUCCH repetitions were not considered. The case including PUCCH repetitions should be captured in the spec as well.
Proposal 4: Adopt the following TP for sections 11.1 and 11.1.1 of TS38.213.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
[bookmark: _Ref500831375][bookmark: _Toc12021489][bookmark: _Toc20311601][bookmark: _Toc26719426][bookmark: _Toc29894862][bookmark: _Toc29899161][bookmark: _Toc29899579][bookmark: _Toc29917318][bookmark: _Toc36498192][bookmark: _Toc45699220][bookmark: _Toc90376707]11.1	Slot configuration
<Unchanged text omitted>
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from clauses 9, and 9.2.5 and 9.2.6 or clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols.
-	If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9, and 9.2.5 and 9.2.6 or clause 6.1 of [6, TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols. 
<Unchanged text omitted>
[bookmark: _Toc12021490][bookmark: _Toc20311602][bookmark: _Toc26719427][bookmark: _Toc29894863][bookmark: _Toc29899162][bookmark: _Toc29899580][bookmark: _Toc29917319][bookmark: _Toc36498193][bookmark: _Toc45699221][bookmark: _Toc90376708]11.1.1	UE procedure for determining slot format
<Unchanged text omitted>
If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from clauses 9, and 9.2.5 and 9.2.6 or clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols. 
-	If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9, and 9.2.5 and 9.2.6 or clause 6.1 of [6, TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols.  
<Unchanged text omitted>
-	if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot and the UE is not provided enableConfiguredUL, then 
-	if the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as determined in clauses 9, and 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH in the slot if the first symbol of the PUCCH or the PUSCH or actual repetition of the PUSCH or the PRACH in the slot occurs within  relative to a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as determined in clauses 9, and 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH in the slot;
-	if the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as determined in clauses 9, and 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as determined in clauses 9, and 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols;
<Unchanged text omitted>
----------------------------------------------------- End of text proposal ------------------------------------------------------

Conclusions
This contribution discusses the remaining issues related to intra-UE multiplexing and prioritization of traffic with different priorities. The proposals are summarized below.
Proposal 1: For resolving more than two overlapping PUCCHs of the same priority, reuse the pseudo-code in TS 38.213 9.2.5 with the restriction of selecting up to 2 PUCCH resources and apply the rules defined in clause 9.2.6 if there is repetition or clause 9.2.5, otherwise. Adopt the following TP for section 9.2.5 and 9.2.6 of TS38.213.

-------------------------------------------------- Start of text proposal ------------------------------------------------------
9.2.5 UE procedure for reporting multiple UCI types
<Unchanged text omitted>
Set [image: ] to the cardinality of [image: ]
Set [image: ]to be the first symbol of resource [image: ] in the slot
Set [image: ] to be the number of symbols of resource [image: ] in the slot
Set [image: ] - index of first resource in set [image: ]
Set [image: ] - counter of overlapped resources
while [image: ]
if [image: ] and resource [image: ] overlaps with resource [image: ] and the resources in set  does not include a PUCCH with repetitions, or 
 and resource  overlaps with resource , , and the resources in set  includes at least a PUCCH with repetitions
[image: ]
[image: ]
else
if [image: ]
determine a single resource for multiplexing UCI associated with resources [image: ] as described in clauses 9.2.5.0, 9.2.5.1, and 9.2.5.2 and 9.2.6
set the index of the single resource to [image: ] 
[image: ]
[image: ] % start from the beginning after reordering unmerged resources at next step
[image: ]
[image: ] % function that re-orders resources in current set [image: ]
Set [image: ] to the cardinality of [image: ]
else
[image: ]
end if
end if
end while
<Unchanged text omitted>
9.2.6	PUCCH repetition procedure
<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 more than two overlapping PUCCH transmissions where at least one PUCCH transmission is with repetitions over  slots, the UE resolves the overlapping for PUCCH transmissions within the slot using the pseudo-code in clause 9.2.5.
<Unchanged text omitted>
----------------------------------------------------- End of text proposal ------------------------------------------------------
Proposal 2: For resolving overlapping PUCCHs and PUSCH(s) of the same priority, UE first drops a PUSCH before multiplexing the UCI in the PUSCH if the PUSCH overlaps with a PUCCH with repetitions. 
Proposal 3：Adopt the following TP for section 9 of TS38.213.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
9 UE procedure for reporting control information
<Unchanged text omitted>
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.
If a UE has overlapping resources for PUCCH and PUSCH transmissions in a slot and at least one of the PUCCH transmissions is with repetitions over multiple slots, the UE first drops PUSCH transmissions that would overlap with a PUCCH transmission with repetitions as described in clauses 9.2.6, and then the UE resolves the overlapping for PUCCH transmissions without repetitions and for PUSCH transmissions, if any, described in this clause
<Unchanged text omitted>
----------------------------------------------------- End of text proposal ------------------------------------------------------
Proposal 4: Adopt the following TP for sections 11.1 and 11.1.1 of TS38.213.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
11.1	Slot configuration
<Unchanged text omitted>
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from clauses 9, and 9.2.5 and 9.2.6 or clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols.
-	If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9, and 9.2.5 and 9.2.6 or clause 6.1 of [6, TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols. 
<Unchanged text omitted>
11.1.1	UE procedure for determining slot format
<Unchanged text omitted>
If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from clauses 9, and 9.2.5 and 9.2.6 or clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols. 
-	If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9, and 9.2.5 and 9.2.6 or clause 6.1 of [6, TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols.  
<Unchanged text omitted>
-	if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot and the UE is not provided enableConfiguredUL, then 
-	if the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as determined in clauses 9, and 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH in the slot if the first symbol of the PUCCH or the PUSCH or actual repetition of the PUSCH or the PRACH in the slot occurs within  relative to a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as determined in clauses 9, and 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH in the slot;
-	if the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as determined in clauses 9, and 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as determined in clauses 9, and 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols;
<Unchanged text omitted>
----------------------------------------------------- End of text proposal ------------------------------------------------------
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Page  1   3GPP TSG RAN WG1 #10 9 - e     R1 - 220 3851   e - Meeting,  May   9th   –   20th , 2022   Agenda Item:     7. 2.5   Source:     Samsung   Title:     Remaining issues  on   i ntra - UE  m ultiplexing/ p rioritization   Document for:     Discussion and decision   1   Introduction   In  RAN1#10 8 - e ,  intra UE multiplexing/prioritization for more than 2 overlapping  PUCCHs including repetitions and/or  PUSCHs   was discussed under Rel - 17 URLLC. It seems companies have different understanding on UE behaviour  of the  same priority . This contribution discusses  intra UE multiplexing/prioritization for more than 2  overlapping PUCCHs  including repetitions and/or PUSCHs .   2   Discussion   2.1   More than two overlapping PUCCHs   with repetitions  o f the same priority   In TS 38.213 9.2.6, resolving two overlapping PUCCHs  including at least one PUCCH with repetitions  was defined,  however, for more than 2 overlapping PUCCHs   including at least one PUCCH with repetitions , UE behaviour is not clear.    F or example,  a s shown in Figure  1 , a SR PUCCH repetition overlaps with both HA RQ - ACK  PUCCH  and CSI   PUCCH  where the HARQ - ACK PUCCH and CSI PUCCH are not overlapping .   There can be two UE behaviours.   Behaviour 1:    UE first resolves the collision of SR and CSI and  UE drop s   CSI and then UE resolves the collision of SR  and HARQ - ACK, the S R will be dropped.   The UE will transmit the HARQ - ACK PUCCH.   Behaviour 2: UE first resolves the collision of SR and HARQ - ACK, the SR will be dropped and UE  can transmit both   HARQ - ACK and CSI.       Figure   1   There are similar cases that result in unclear UE  behavio u r , a unified solution is preferred. A simple solution can be that  UE chooses up to 2 PUCCHs according to selection order defined in the pseudo - code in TS 38.213 9.2.5 and then UE  determines a single PUCCH according to the rules defined in clause 9. 2.6 if there is repetition or clause 9.2.5, otherwise.   P roposal  1 : For resolving more than two overlapping PUCCHs of the same priority,  reuse the  pseudo - code in TS  38.213 9.2.5 with the restriction of selecting up to 2 PUCCH resources and apply   the rules d efined in clause 9.2.6 if  there is repetition or clause 9.2.5, otherwise.   Adopt the following TP  for  section   9 .2.5 and 9.2.6   of TS   38.213 .    

