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Introduction
This contribution aims to collect and summarize company views on the timeline issue for UCI multiplexing during HARQ-ACK overriding procedure as discussed in [1] and [2].
Please consider entering the contact information below for better coordination for this discussion. 
	Company
	Contact(s)
	Email address(es)

	Samsung (Moderator)
	Sa Zhang
	sa.zhang@samsung.com

	NTT DOCOMO
	Shohei Yoshioka
	Syouhei.yoshioka.py@nttdocomo.com

	MTK
	James
	CH.Hsieh@mediatek.com

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Background
In [1] and [2] Samsung discusses the timeline issue for UCI multiplexing, copied below.
	Consider the example in Figure 1, a UE first determines a PUCCH with HARQ-ACK overlapping with a CG PUSCH in a slot, the HARQ-ACK would be multiplexed in the CG PUSCH if the UE does not receive any DL grant indicating HARQ-ACK in the slot. However, if a UE receives a DCI format at a later time indicating HARQ-ACK in the same slot, the UE should perform HARQ-ACK overriding and re-determine a PUCCH resource for the multiplexed HARQ-ACK information bits. As shown in the example, if the time gap between T0 (the ending of PDCCH with the DCI format) and T1 (the starting of CG PUSCH) is less than a threshold, for example N3 symbols, the UE would not have enough preparing time to cancel the multiplexing of HARQ-ACK in the CG PUSCH. The current spec only defines the timeline requirement if the PUCCH#2 overlaps with CG PUSCH, however, if the PUCCH#2 does not overlap with the CG PUSCH, there is no timeline restriction according to the current specifications. The same issue exists when the intermediate PUCCH#1 overlaps with another PUCCH without HARQ-ACK.
Observation 1: If a UE determines a first PUCCH transmission with HARQ-ACK information in a slot and the first PUCCH transmission overlaps with a CG PUSCH transmission or a second PUCCH transmission without HARQ-ACK and the UE detects at a later time a DCI format indicating a third PUCCH transmission with corresponding HARQ-ACK information in the slot, if the PDCCH reception that includes the DCI format is not earlier than a predefined timeline from the beginning of the CG PUSCH transmission or the second PUCCH transmission, a UE does not have enough processing time to cancel the multiplexing of HARQ-ACK in the CG PUSCH transmission or multiplexing HARQ-ACK with other UCI, respectively. 
[image: ]
Figure 1
To ensure the UE to have enough processing time to cancel the multiplexing of HARQ-ACK in a CG PUSCH or multiplexing HARQ-ACK with other UCI during the HARQ-ACK overriding procedure, the following is proposed.
Proposal 1: If a UE determines a first PUCCH transmission with HARQ-ACK information in a slot and the first PUCCH transmission overlaps with a CG PUSCH transmission or a second PUCCH transmission without HARQ-ACK and the UE detects at a later time a DCI format indicating a third PUCCH transmission with corresponding HARQ-ACK information in the slot, the UE assumes the third PUCCH transmission overlaps with the CG PUSCH transmission or second PUCCH transmission, respectively, and satisfies the timeline conditions for resolving overlapping channels. Adopt the following TP for Rel-16 TS 38.213.
	9.2.5	UE procedure for reporting multiple UCI types
…
[bookmark: _Hlk157779602]If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in clauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol  of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions
-	 is not before a symbol with CP starting after  after a last symbol of any corresponding PDSCH,  is given by maximum of  where for the i-th PDSCH with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs and PUSCHs, ,  is selected for the i-th PDSCH following [6, TS 38.214],  is selected based on the UE PDSCH processing capability of the i-th PDSCH and SCS configuration , where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH scheduling the i-th PDSCH, the i-th PDSCH, the PUCCH with corresponding HARQ-ACK transmission for the i-th PDSCH, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs. 
-	 is not before a symbol with CP starting after  after a last symbol of any corresponding SPS PDSCH release or of a DCI format 1_1 indicating SCell dormancy as described in clause 10.3, or of a DCI format 1_1 indicating a request for a Type-3 HARQ-ACK codebook report without scheduling PDSCH.  is given by maximum of  where for the i-th PDCCH providing the SPS PDSCH release or the DCI format 1_1 with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs and PUSCHs, ,  as described in clause 10.2, or DCI format 1_1 that requests Type-3 HARQ-ACK codebook report as described in clause 10.2, or the DCI format 1_1 indicating SCell dormancy without scheduling a PDSCH reception as described in clause 10.3, where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH providing the i-th SPS PDSCH release or the DCI format 1_1, the PUCCH with corresponding HARQ-ACK transmission for the i-th SPS PDSCH release or the DCI format 1_1, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs. 
-	if there is no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,  is not before a symbol with CP starting after  after a last symbol of 
-	any PDCCH with the DCI format scheduling an overlapping PUSCH, and 
-	any PDCCH scheduling a PDSCH or SPS PDSCH release, or a DCI format 1_1 indicating SCell dormancy, or a DCI format 1_1 indicating a request for a Type-3 HARQ-ACK codebook report without scheduling PDSCH, with corresponding HARQ-ACK information in an overlapping PUCCH in the slot
[bookmark: _Hlk14280248]If there is at least one PUSCH in the group of overlapping PUCCHs and PUSCHs,  is given by maximum of  where for the i-th PUSCH which is in the group of overlapping PUCCHs and PUSCHs, , ,  and  are selected for the i-th PUSCH following [6, TS 38.214],  is selected based on the UE PUSCH processing capability of the i-th PUSCH and SCS configuration , where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH scheduling the i-th PUSCH, the PDCCHs scheduling the PDSCHs or providing the SPS PDSCH releases or providing the SCell dormancy indication or providing the indication of a request for a Type-3 HARQ-ACK codebook report without scheduling PDSCH with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs/PUSCHs, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs.
If there is no PUSCH in the group of overlapping PUCCHs and PUSCHs, is given by maximum of  where for the i-th PDSCH or the i-th SPS PDSCH release or the i-th SCell dormancy indication or the i-th indication of a request for a Type-3 HARQ-ACK codebook report without scheduling PDSCH with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs, , is selected based on the UE PUSCH processing capability of the PUCCH serving cell if configured.   is selected based on the UE PUSCH processing capability 1, if PUSCH processing capability is not configured for the PUCCH serving cell.  is selected based on the smallest SCS configuration between the SCS configuration used for the PDCCH scheduling the i-th PDSCH or providing the i-th SPS PDSCH release or providing the i-th SCell dormancy indication or providing the i-th indication of a request for a Type-3 HARQ-ACK codebook report without scheduling PDSCH with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs, and the SCS configuration for the PUCCH serving cell.
-	if there is an aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,  is not before a symbol with CP starting after  after a last symbol of 
-	any PDCCH with the DCI format scheduling an overlapping PUSCH, and
-	any PDCCH scheduling a PDSCH, or SPS PDSCH release, or providing a DCI format 1_1 indicating SCell dormancy, or a DCI format 1_1 indicating a request for a Type-3 HARQ-ACK codebook report without scheduling PDSCH, with corresponding HARQ-ACK information in an overlapping PUCCH in the slot
where  corresponds to the smallest SCS configuration among the SCS configuration of the PDCCHs, the smallest SCS configuration for the group of the overlapping PUSCHs, and the smallest SCS configuration of CSI-RS associated with the DCI format scheduling the PUSCH with the multiplexed aperiodic CSI report, and  for  ,  for  and  for .  is defined in [6, TS 38.214] and it is applied only if  of table 5.4-1 in [6, TS 38.214] is applied to the determination of .
-	, , , , , and  are defined in [6, TS 38.214] and  and  are defined in [4, TS 38.211]. 
-	if a UE determines a first PUCCH transmission with HARQ-ACK information in a slot and the first PUCCH transmission overlaps with a CG PUSCH transmission or a second PUCCH transmission without HARQ-ACK and the UE detects at a later time a DCI format indicating a third PUCCH transmission with corresponding HARQ-ACK information in the slot, the UE assumes the third PUCCH transmission overlaps with the CG PUSCH transmission or second PUCCH transmission, respectively, and satisfies the above timeline conditions.






Discussion
1st round
Q1: For the issue described in Figure 1, do you agree that if the time gap between T0 and T1 is less than a predefined threshold, the UE may not have enough time to cancel multiplexing HARQ-ACK in the CG PUSCH, i.e., Observation 1 in [1]? 
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Figure 1

	Company
	View

	DCM
	Agree

	Apple
	Agree

	Huawei, HiSilicon
	When UE is not clear about the last point to resolve PUCCH/PUSCH overlapping, above case would happen, where UE multiplex UCI on the CG PUSCH in advance and no time to rolling back.

To avoid such issue, two directions can be considered, one is to clarify the last point UE performs multiplexing, and other direction is define a new timeline for rolling back. From our understanding, either way can work.

	QC
	Agree it is an issue

	MTK
	Agree

	Spreadtrum
	Yes

	Samsung
	Yes



Q2: If the answer to Q1 is YES, do you agree that the current specification does not include the timeline requirements for the case in Figure 1?
	Company
	View

	DCM
	Our current understanding is that this is correct, i.e., spec does not cover this case.

	Apple
	Yes

	Huawei, HiSilicon
	Current spec does not have such timeline.

	MTK
	Agree

	Spreadtrum
	Yes

	Samsung
	Yes

	
	



Q3: If your answer to Q2 is YES, do you agree with the TP proposed by Samsung? If not, please clarify the reason.
	Company
	View

	DCM
	No. BS can avoid such a situation and thus it can be a kind of error case. Introducing a new rule in this stage may not be beneficial.
But we are open to discuss a specific solution if majority prefer.

	Apple
	Although the proposed TP aims to address a valid issue, but it does not have to be limited to this example. The main issue is this: the second PUCCH not only overrides the first PUCCH but also it cancels/clears a UCI multiplexing on PUSCH, where UE is not given enough time to cancel/clear multiplexing procedure, but that PUSCH does not have to be a CG-PUSCH. Although before R18 TEI, DG-PUSCH is the latest dynamic grant after all PUCCHs, but after R18 TEI and for a PUSCH with repetitions, the same issue as in Fig 1 applies for a DG-PUSCH with repetitions where CG-PUSCH in Fig 1 is replaced with any of 1<n<=K repetitions of a DG-PUSCH with K repetitions. In addition, the TP language should NOT be on what UE should assume, it should be on what UE expects.
“If a UE determines a first PUCCH transmission with HARQ-ACK information in a slot and the first PUCCH transmission overlaps with a CG PUSCH transmission or a second PUCCH transmission without HARQ-ACK and the UE detects at a later time a DCI format indicating a third PUCCH transmission with corresponding HARQ-ACK information in the slot, the UE expects assumes the time between the earliest overlapping PUCCHs or earliest overlapping PUCCH and PUSCH, and the last symbol of PDCCH with the DCI format scheduling the thirst PUCCH,
overlaps with the CG PUSCH transmission or second PUCCH transmission, respectively, and satisfies the above timeline conditions.”



	Huawei, HiSilicon
	The proposed TP may have some ambiguities, like whether DG case is included or not. If a new timeline is needed, we suggest to define it directly as the time gap between T0 and T1 and satisfy a dedicated threshold.

	QC
	We think another way to clarify the timeline can be the following: 

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in clauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol  of the earliest PUCCH or PUSCH among a group overlapping PUCCHs and PUSCHs in the slot, including a PUCCH originally in the overlapping group but later removed from the overlapping group in response to a DCI format detection by the UE, satisfies the following timeline conditions.
…


	MTK
	Agree. Open to take other revised text proposals.

	Spreadtrum
	More prefer QC’s proposal

	Samsung
	Yes



It was pointed out by ZTE during the online session that the following spec has already covered the case in Figure 1 highlighted yellow below, however, from Moderator’s understanding, the timeline requirements defined in the current spec for HARQ-ACK multiplexing only considers the final PUCCH with HARQ-ACK and the overlapping PUCCH/PUSCHs with the final PUCCH with HARQ-ACK, there is no timeline requirements defined for the non-overlapping PUCCHs/PUSCHs. The highlighted yellow text is only to clarify that all the overlapping PUCCH/PUSCHs should satisfy the timeline requirements. In addition, the quoted text only considers multiple PUCCHs with different UCI types in a slot, only PUCCH with final HARQ-ACK is considered, PUCCH with one UCI type is not included, also, the intermediate PUCCHs are not considered here.
	If a UE would transmit multiple PUCCHs in a slot that include HARQ-ACK information, and/or SR, and/or CSI reports and any PUCCH with HARQ-ACK information in the slot satisfies the above timing conditions and does not overlap with any other PUCCH or PUSCH in the slot that does not satisfy the above timing conditions, the UE multiplexes the HARQ-ACK information, and/or SR, and/or  CSI reports and determines corresponding PUCCH(s) for transmission in the slot according to the following pseudo-code. If the multiple PUCCHs do not include HARQ-ACK information and do not overlap with any PUSCH transmission by the UE in response to a DCI format detection by the UE, the timing conditions do not apply. 
If 
-	a UE is not provided multi-CSI-PUCCH-ResourceList, and
-	a resource for a PUCCH transmission with HARQ-ACK information in response to SPS PDSCH reception and/or a resource for a PUCCH associated with a SR occasion overlap in time with two resources for respective PUCCH transmissions with two CSI reports, and
-	there is no resource for a PUCCH transmission with HARQ-ACK information in response to a DCI format detection that overlaps in time with any of the previous resources, and
-	the following pseudo code results to the UE attempting to determine a single PUCCH resource from the HARQ-ACK and/or the SR resource and the two PUCCH resources with CSI reports
the UE 
-	multiplexes the HARQ-ACK information and/or the SR in the resource for the PUCCH transmission with the CSI report having the higher priority, and 
-	does not transmit the PUCCH with the CSI report having the lower priority 
Set [image: ] to the set of resources for transmission of corresponding PUCCHs in a single slot without repetitions where
-	a resource with earlier first symbol is placed before a resource with later first symbol
-	for two resources with same first symbol, the resource with longer duration is placed before the resource with shorter duration
-	for two resources with same first symbol and same duration, the placement is arbitrary
-	the above three steps for the set [image: ] are according to a subsequent pseudo-code for a function [image: ]
-	a resource for negative SR transmission that does not overlap with a resource for HARQ-ACK or CSI transmission is excluded from set [image: ] 
-	if the UE is not provided simultaneousHARQ-ACK-CSI and resources for transmission of HARQ-ACK information include PUCCH format 0 or PUCCH format 2, resources that include PUCCH format 2, or PUCCH format 3, or PUCCH format 4 for transmission of CSI reports are excluded from the set [image: ] if they overlap with any resource from the resources for transmission of HARQ-ACK information
-	if the UE is not provided simultaneousHARQ-ACK-CSI and at least one of the resources for transmission of HARQ-ACK information includes PUCCH format 1, PUCCH format 3, or PUCCH format 4
-	resources that include PUCCH format 3 or PUCCH format 4 for transmission of CSI reports are excluded from the set [image: ]
-	resources that include PUCCH format 2 for transmission of CSI reports are excluded from the set [image: ] if they overlap with any resource from the resources for transmission of HARQ-ACK information




Q4: If your answer to Q2 is NO, please clarify the please clarify where in the specification the timeline is defined?
	Company
	View

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Q5: If your answer to Q1 NO, please clarify at what time the UE determines not multiplexing HARQ-ACK in the CG PUSCH and how it can be ensured that UE always has enough time to cancel multiplexing HARQ-ACK in the CG PUSCH.
	Company
	View

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Q6: Any other comments for this issue?
	Company
	View

	
	

	
	

	
	

	
	

	
	

	
	

	
	




2nd round
In the 1st round discussion, a clear majority view is that the issue is valid. In addition, Apple suggests to cover the case of Rel-18 TEI for DG PUSCH repetitions. The key point here is to clarify that the CG PUSCH and the PUCCH#2 in Figure 1 should satisfy the UCI multiplexing timeline. Samsung’s proposal has been updated based on the received comments as following. Companies are encouraged to check whether the proposal is acceptable.
Proposal 1: If a UE determines a first PUCCH transmission with HARQ-ACK information in a slot and the first PUCCH transmission overlaps with a CG PUSCH transmission or a second PUCCH transmission without HARQ-ACK and the UE detects at a later time a DCI format indicating a third PUCCH transmission with corresponding HARQ-ACK information in the slot, the UE assumes expects the third PUCCH transmission and overlaps with the CG PUSCH transmission or second PUCCH transmission, respectively, and satisfyies the timeline conditions for UCI multiplexing resolving overlapping UL channels. 
Note 1: The end of the PDCCH scheduling the third PUCCH is no less than T_proc,2 before the earliest symbol of the third PUCCH transmission and the PUSCH transmission or second PUCCH transmission, respectively.
Note 2: The PUSCH is a CG PUSCH if a UE is not provided any of enable-Type1-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type2-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type3-HARQ-ACK-mux-forDLassignmentafterULgrant.
	Company
	View

	QC
	We still think the following TP is much simpler than Proposal 1.  We are not sure how proposal 1 will be captured in specification. 

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in clauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol  of the earliest PUCCH or PUSCH among a group overlapping PUCCHs and PUSCHs in the slot, including a PUCCH originally in the overlapping group but later removed from the overlapping group in response to a DCI format detection by the UE, satisfies the following timeline conditions.
…


	Moderator
	@QC
It is suggested to agree on the proposal first, how to formulate the TP can be further discussed.

The wording from QC is not correct from Moderator’s understanding. For UCI multiplexing timeline requirement, the overlapping group includes the final PUCCH, however, based on QC’s TP, the overlapping group may not include the final PUCCH, this is not aligned with my understanding of the current spec.

	
	

	
	

	
	

	
	

	
	



Conclusion
The timeline issue for UCI multiplexing during HARQ-ACK overriding procedure is discussed and the majority view is that the timeline should be satisfied for the case in Figure 1. The following proposal is suggested based on the majority view.
[image: ]
Figure 1
Proposal 2: If a UE determines a first PUCCH transmission with HARQ-ACK information in a slot and the first PUCCH transmission overlaps with a CG PUSCH transmission or a second PUCCH transmission without HARQ-ACK and the UE detects at a later time a DCI format indicating a third PUCCH transmission with corresponding HARQ-ACK information in the slot, the UE assumes expects the third PUCCH transmission and overlaps with the CG PUSCH transmission or second PUCCH transmission, respectively, and satisfyies the timeline conditions for UCI multiplexing resolving overlapping UL channels. 
Note 1: The end of the PDCCH scheduling the third PUCCH is no less than T_proc,2 before the earliest symbol of the third PUCCH transmission and the PUSCH transmission or second PUCCH transmission, respectively.
Note 2: The PUSCH is a CG PUSCH or a repetition other than the first repetition of a DG PUSCH if a UE is not provided enable-different-PUCCHresource and any of enable-Type1-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type2-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type3-HARQ-ACK-mux-forDLassignmentafterULgrant, otherwise, the PUSCH is a CG PUSCH.
Note 2a: The PUSCH is a CG PUSCH for Rel-16 and Rel-17. 
	FFS: Rel-18
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