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This contribution summarizes the maintenance issues on UL control channel with the focus on the short PUCCH design as well as UCI multiplexing due to overlapping of PUCCH resources.
Two non-overlapping PUCCH resources
Problem description
In Rel-15, the maximum number of PUCCH resources that a UE can transmit within a slot is two where in case of two PUCCH transmissions, one of them should be a short PUCCH (i.e. PUCCH with format 0 or 2). In another words transmission of two long PUCCH resources (i.e. PUCCH with format 1 or 3 or 4) is not supported in Rel-15. Due to flexibility NR offers, configured or scheduled PUCCH and/or PUSCH resources can overlap in time. NR defines dropping rules in case of overlapping as well as multiplexing rules. A timeline requirement for UCI multiplexing is defined that if it is met, a UE can multiplex the UCI on a PUCCH or a PUSCH resource following the procedure defined in TS 38.213 section 9.2.5. The multiplexing procedure resolves first the overlapping among PUCCH resources in a slot based on a pseudo code for UCI multiplexing defined in TS 38.213 section 9.2.5. It continues to resolve overlapping with PUSCH resources, if any. The UE transmits in non-overlapping PUCCH or PUSCH resources as the outcome of this procedure.
Multiple companies have raised concerns for the case that there are two non-overlapping PUCCH resources, during the UCI multiplexing procedure or after. Issues are raised due to presence of multi-CSI-PUCCH-resource where all the CSI PUCCH resources should be multiplexed in one resource. There are various proposals suggesting different dropping rules, at different stages, i.e. before UCI multiplexing procedure, or while executing the UCI multiplexing pseudo code or after completing the UCI multiplexing procedure. The proposals are listed below.
Recommendation: 
Discussion:
· More discussions are needed whether any changes in spec is needed. 
· The restriction on maximum two PUCCH formats described above should be taken into account by gNB for configuration and scheduling. 
· If changes are needed, considering the variety of the proposals, discussions are needed to harmonize the relevant solutions.
· Before UCI multiplexing and absence of multi-CSI-PUCCH resource
· During the UCI multiplexing procedure
· After UCI multiplexing procedure
List of proposals
Proposal 1 (Intel, R1-1810755):
After UCI multiplexing on PUCCH and PUSCH, if more than two non-overlapping PUCCH resources or two non-overlapping PUCCH resources with long PUCCH format are determined, priority based dropping rule is defined to multiplex two non-overlapping PUCCH resources in a slot and at least one of PUCCH resources is short PUCCH.
The priority rule is defined as HARQ-ACK feedback > SR > CSI with higher priority > CSI with lower priority
Proposal 4 (Intel, R1-1810755):
Adopt the following text in 38.213 Subclause 9.2.5.
If the UE is configured with more than two non-overlapping CSI reports in a slot, or if the UE is not provided higher layer parameter multi-CSI-PUCCH-ResourceList, the UE determines a first resource corresponding to a CSI report with the highest priority.
Proposal #1 (LG, R1-1810257): 
When two non-overlapping CSI PUCCH resources and HARQ-ACK PUCCH resource corresponding to the PDSCH scheduled by DL grant DCI are contained in Resource A and Set X (as defined in RAN1 #93 meeting) decided by the pseudo code (as in 9.2.5 of TS38.213) in a slot:
When a UE is not configured with multi-CSI-PUCCH report,
Only the highest priority CSI report is subject to UCI multiplexing on the HARQ-ACK PUCCH resource, and the remaining lower priority CSI report(s) are dropped
When a UE is configured with multi-CSI-PUCCH report,
All CSI reports are subject to UCI multiplexing on the HARQ-ACK PUCCH resource
Proposal 4 (CATT, R1-1810521):
 When there are multiple non-overlapping PUCCH resources with positive SR corresponding to different SR configurations within one slot, it is up to UE to select at most two PUCCHs with positive SR, and one of the selected PUCCH should be short PUCCH if two PUCCHs are selected.
Proposal 5 (CATT, R1-1810521): 
When there are multiple non-overlapped PUCCH within one slot, at most two PUCCHs will be selected according to the priority of UCI carried on the PUCCH, and one of the selected PUCCH should be short PUCCH if two PUCCHs are selected.
Proposal 6 (Samsung, R1-1810843): 
A UE does not expect a resource resulting from multiplexing UCI for overlapping PUCCH transmissions in a slot to be a resource associated with PUCCH format 1, 3, or 4 when this would result to the UE having two PUCCH transmissions with PUCCH format 1, 3, or 4 in the slot. 
Proposal 1 (vivo, R1-1810370): 
If a UE is configured with more than two non-overlapping PUCCH including at least HARQ-ACK/SR in a slot, the UE selects at most two PUCCH resources with the highest priority UCI.
UCI priority order can be : HARQ-ACK>SR>P-CSI>-SP-CSI
If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.
Proposal 5 (vivo, R1-1810370):
When periodic-CSI PUCCH overlaps semi-persistent CSI PUCCH, and UE is configured with multi-CSI-PUCCH-ResourceList, the UE procedure to cope with the overlapping needs further discussion.

Proposal 2 (Sharp, R1-1811143): 
The agreement covering following case that a UE is provided multi-CSI-PUCCH-ResourceList and there are more than two non-overlapped PUCCH for CSI reports in a slot should be captured in section 9.2.5 of TS 38.213 as text proposal #2.
	[bookmark: _Toc517265066]Text proposal #2
--------- beginning of text proposal for TS 38.213 subcluase 9.2.5 ----------------------------
9.2.5	UE procedure for reporting multiple UCI types
This Subclause is applicable to the case that a PUCCH transmission is over a single slot. The case that a PUCCH transmission is with repetitions over multiple slots is described in Subclause 9.2.6.
If a UE is configured with multiple PUCCH resources in a slot to transmit only semi-persistent or periodic CSI reports
-	if the UE is provided higher layer parameter multi-CSI-PUCCH-ResourceList and none of the multiple PUCCH resources overlap or if the UE is not provided higher layer parameter multi-CSI-PUCCH-ResourceList, the UE determines a first resource corresponding to a CSI report with the highest priority [6, TS38.214] 
-  if the first resource includes PUCCH format 2

<omitted>
--------- end of text proposal



Proposal 1 (HW, HiSi R1-1810110): 
After running the pseudo code in TS 38.213 subclause in 9.2.5, if there are two PUCCH resources with format 3/4 within a slot, a format 2 PUCCH resource in the resource set determined based on the payload size of HARQ-ACK or HARQ-ACK/CSI is selected to replace one of format 3/4 PUCCH resource. The selecting rule can be as following:
The PF2 resource with largest duration in determined resource set is selected
If there are multiple PF2 resources with same duration, the one  with earliest starting symbol is selected
If there are more than one PF2 resources with same duration and starting at same time, the one with smallest resource ID is selected.
Otherwise, drop the PUCCH resource for CSI only or CSI/SR
Ambiguity between dropping or multiplexing
Problem description
Three companies (E///, HW, DCM)  have addressed issues that are largely related. The current structure in the specifications captures the agreements in an order that results in unintended UE behaviour. When A-CSI on PUSCH without UL-SCH overlaps with a PUCCH resource with positive SR, the UE should drop A-CSI according to section 9.3 in 38.213. But based on a section 9 in 38.213, the UE ends up multiplexing SR and A-CSI and eventually dropping SR. Companies have addressed similar issues which can be resolved by re-arrangement of the text in specification.
Recommendation
Discussion: Consider Proposal 3 (E///, R1-181811489) as the baseline for a proposal for potential agreement.
· First dropping rules are addressed between PUCCH resources (CSI dropping rules and SR colliding with PUSCH). 
· Then UCI multiplexing rules are considered.
List of proposals
Proposal 3 (E///, R1-1811489):
· Adopt the following changes in Subclause 9 and 9.3 of TS 38.213.
----------------------------------	Start of text proposal ------------------------------------------
9	UE procedure for reporting control information
[unchanged parts omitted]
If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on the serving cell that includes positive SR information, the UE does not transmit the PUSCH. 
If a UE would transmit CSI reports on the physical channels that overlap, the UE applies the priority rules for CSI reports in Subclause 5.2.5 in TS 38 .214.
If a UE would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and the PUSCH and PUCCH transmissions fulfill the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.
If a UE multiplexes aperiodic CSI or semi-persistent CSI in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHs and PUSCHs in Subclause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the PUSCH and does not transmit the PUCCH. 
 [unchanged parts omitted]
9.3   UCI reporting in physical uplink shared channel
If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on the serving cell that includes positive SR information, the UE does not transmit the PUSCH. 
If a UE has a PUSCH transmission that overlaps with a PUCCH transmission that includes HARQ-ACK information and/or semi-persistent/periodic CSI reports and the conditions in Subclause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied, the UE multiplexes the HARQ-ACK information and/or the semi-persistent/periodic CSI reports in the PUSCH. 
----------------------------------	End of text proposal ------------------------------------------

Proposal 2 (DCM; R1-1811374):
· Apply the following TP to 38.213, section 9.
----------------------------------	Start of text proposal ------------------------------------------
 […]
If a UE multiplexes aperiodic CSI or semi-persistent CSI in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHs and PUSCHs in Subclause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the PUSCH and does not transmit the PUCCH. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHs that are scheduled by DCI format(s) 0_0 or DCI format(s) 0_1 and second PUSCHs configured by respective higher layer parameters ConfiguredGrantConfig, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and 
if the UE does not multiplex aperiodic/semi-persistent CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Subclause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot.
if the UE multiplexes aperiodic/semi-persistent CSI in one of the multiple PUSCHs, the UE multiplexes HARQ-ACK in the UCI in the PUSCH subject to the conditions in Subclause 9.2.5 for UCI multiplexing being fulfilled.
[…]
----------------------------------End of text proposal ------------------------------------------
Proposal 6 (HW, HiSi, R1-1810110): 
If single slot PUCCHs conveying different CSI report(s) collide with the PUSCH without CSI, only one CSI report with the highest priority is multiplexed on the PUSCH if the timeline requirement is satisfied. The CSI report priority is defined in TS 38.214 Subclause 5.2.5.

simultaneousHARQ-ACK-CSI
Problem description
Two companies (QC, HW) have raised the issue related to the RRC parameter simultaneousHARQ-ACK-CSI. This parameter is configured per PUCCH format which means it can be initialized differently for different PUCCH formats. 


PUCCH-Config ::= 						SEQUENCE {
	resourceSetToAddModList					SEQUENCE (SIZE (1..maxNrofPUCCH-ResourceSets)) OF PUCCH-ResourceSet				OPTIONAL,	-- Need N
	resourceSetToReleaseList				SEQUENCE (SIZE (1..maxNrofPUCCH-ResourceSets)) OF PUCCH-ResourceSetId			OPTIONAL,	-- Need N

	resourceToAddModList					SEQUENCE (SIZE (1..maxNrofPUCCH-Resources)) OF PUCCH-Resource					OPTIONAL,	-- Need N
	resourceToReleaseList					SEQUENCE (SIZE (1..maxNrofPUCCH-Resources)) OF PUCCH-ResourceId					OPTIONAL,	-- Need N

	format1									SetupRelease { PUCCH-FormatConfig }												OPTIONAL,	-- Need M
	format2									SetupRelease { PUCCH-FormatConfig }												OPTIONAL,	-- Need M
	format3									SetupRelease { PUCCH-FormatConfig }												OPTIONAL,	-- Need M
	format4									SetupRelease { PUCCH-FormatConfig }												OPTIONAL,	-- Need M

	schedulingRequestResourceToAddModList	SEQUENCE (SIZE (1..maxNrofSR-Resources)) OF SchedulingRequestResourceConfig		OPTIONAL, -- Need N
	schedulingRequestResourceToReleaseList	SEQUENCE (SIZE (1..maxNrofSR-Resources)) OF SchedulingRequestResourceId			OPTIONAL, -- Need N

	multi-CSI-PUCCH-ResourceList			SEQUENCE (SIZE (1..2)) OF PUCCH-ResourceId										OPTIONAL,-- Need M
	dl-DataToUL-ACK							SEQUENCE (SIZE (1..8)) OF INTEGER (0..15)											OPTIONAL,	-- Need M

	spatialRelationInfoToAddModList			SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfo	OPTIONAL,	-- Need N
	spatialRelationInfoToReleaseList		SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfoId	OPTIONAL,	-- Need N

	pucch-PowerControl						PUCCH-PowerControl																OPTIONAL,	-- Need M
	...
}

[bookmark: _Hlk514769254]PUCCH-FormatConfig ::=					SEQUENCE {
	interslotFrequencyHopping				ENUMERATED {enabled}														OPTIONAL, 	-- Need R
	additionalDMRS							ENUMERATED {true}															OPTIONAL,	-- Need R
	maxCodeRate								PUCCH-MaxCodeRate															OPTIONAL,	-- Need R
	nrofSlots								ENUMERATED {n2,n4,n8}														OPTIONAL, 	-- Need S
	pi2BPSK									ENUMERATED {enabled}														OPTIONAL, 	-- Need R
	simultaneousHARQ-ACK-CSI				ENUMERATED {true}															OPTIONAL	-- Need R
}

[bookmark: _Hlk515590985]PUCCH-MaxCodeRate ::= 					ENUMERATED {zeroDot08, zeroDot15, zeroDot25, zeroDot35, zeroDot45, zeroDot60, zeroDot80}

PUCCH-SpatialRelationInfo ::=			SEQUENCE {
	pucch-SpatialRelationInfoId			PUCCH-SpatialRelationInfoId,
	servingCellId							ServCellIndex										OPTIONAL,	-- Need S
	referenceSignal 						CHOICE {
		ssb-Index								SSB-Index,
		csi-RS-Index								NZP-CSI-RS-ResourceId,
		srs										SEQUENCE {
													resource							SRS-ResourceId,
													uplinkBWP							BWP-Id
												}
	},
	pucch-PathlossReferenceRS-Id 			PUCCH-PathlossReferenceRS-Id,
	p0-PUCCH-Id								P0-PUCCH-Id,
	closedLoopIndex							ENUMERATED { i0, i1 }
}

PUCCH-SpatialRelationInfoId ::= 		INTEGER (1..maxNrofSpatialRelationInfos)

-- A set with one or more PUCCH resources
PUCCH-ResourceSet ::=					SEQUENCE {
	pucch-ResourceSetId						PUCCH-ResourceSetId,
	resourceList					SEQUENCE (SIZE (1..maxNrofPUCCH-ResourcesPerSet)) OF PUCCH-ResourceId,
	maxPayloadMinus1						INTEGER (4..256)														OPTIONAL	-- Need R
}

PUCCH-ResourceSetId ::=					INTEGER (0..maxNrofPUCCH-ResourceSets-1)

PUCCH-Resource ::= 						SEQUENCE {
	pucch-ResourceId						PUCCH-ResourceId,
	startingPRB								PRB-Id, 
	intraSlotFrequencyHopping				ENUMERATED { enabled }													OPTIONAL,	-- Need R
	secondHopPRB							PRB-Id																	OPTIONAL,	-- Need R
	format									CHOICE {
		format0									PUCCH-format0,														-- Cond InFirstSetOnly
		format1									PUCCH-format1,														-- Cond InFirstSetOnly
		format2									PUCCH-format2,														-- Cond NotInFirstSet
		format3									PUCCH-format3,														-- Cond NotInFirstSet
		format4									PUCCH-format4														-- Cond NotInFirstSet
	}
}

PUCCH-ResourceId ::=					INTEGER (0..maxNrofPUCCH-Resources-1)


PUCCH-format0 ::=								SEQUENCE {
	initialCyclicShift								INTEGER(0..11),
	nrofSymbols										INTEGER (1..2), 
	startingSymbolIndex								INTEGER(0..13) 
}

PUCCH-format1 ::= 								SEQUENCE {
	initialCyclicShift								INTEGER(0..11), 
	nrofSymbols										INTEGER (4..14), 
	startingSymbolIndex								INTEGER(0..10), 
	timeDomainOCC									INTEGER(0..6)
}

PUCCH-format2 ::= 								SEQUENCE {
	nrofPRBs										INTEGER (1..16), 
	nrofSymbols										INTEGER (1..2), 
	startingSymbolIndex								INTEGER(0..13) 
}

PUCCH-format3 ::= 								SEQUENCE {
	nrofPRBs										INTEGER (1..16), 
	nrofSymbols										INTEGER (4..14), 
	startingSymbolIndex								INTEGER(0..10) 
}

PUCCH-format4 ::= 								SEQUENCE {
	nrofSymbols										INTEGER (4..14), 
	occ-Length										ENUMERATED {n2,n4}, 
	occ-Index										ENUMERATED {n0,n1,n2,n3},
	startingSymbolIndex								INTEGER(0..10) 
}

	simultaneousHARQ-ACK-CSI
Enabling simultaneous transmission of CSI and HARQ-ACK feedback with or without SR with PUCCH Format 2, 3 or 4. See TS 38.213, section 9.2.5. When the field is absent the UE applies the value OFF. The field is not applicable for format 1.



On the other hand, the specification in 38.213 in section 9.2.5, is based on an implicit assumption that this parameter is common for all the PUCCH formats. Otherwise, the UCI multiplexing procedure becomes unnecessarily complicated. HW expressed that it should be clarified whether it is per format or common to all. 
Since it is clear in RAN2 spec that it is per PUCCH format and it is desired to avoid any changes in ANS.1 code unless being essential, it is recommended to adopt the proposal by QC which implies that the flag should be initialized with the same value for different formats which seems to be a reasonable approach.
Recommendation
Proposal 3-1 for possible agreement:
· UE is not expected to be provided with different “simultaneousHARQ-ACK-CSI” configuration for PUCCH format 2, 3, and 4. 
Proposal 3-2 for possible agreement:
· Adopt the following TP in TS38.213 Section 9.2.5
--------------------------------------------------------   Text Proposal Start ---------------------------------------------------
[bookmark: _GoBack]-	if the UE is not provided higher layer parameter 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 

-	resources that include PUCCH format 2 or PUCCH format 3 or PUCCH format 4 for transmission of CSI reports are excluded from the set  if they overlap with any resource from the resources for transmission of HARQ-ACK information
---------------------------------------------   Text Proposal End  ----------------------------------------------------
List of proposals
Proposal 5 (HW, HiSi, R1-1810110): 
RAN 1 should clarify the parameter “simultaneousHARQ-ACK-CSI” is applicable for a single format configureation or all format configurations in one BWP.
Note: Related RAN2 specification should be modified
Proposal 3 (QC, R1-1811235):
UE is not expected to be provided with different “simultaneousHARQ-ACK-CSI” configuration for PUCCH format 2, 3, and 4. UE is not expected to be provided “simultaneousHARQ-ACK-CSI” for PUCCH format 0 or 1.
Proposal 6 (QC, R1-1811235):
Adopt the following TP in TS38.213 Section 9.2.5
-----------------------------------------------------------   Text Proposal Start ---------------------------------------------------
-	if the UE is not provided higher layer parameter 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 

-	resources that include PUCCH format 2 or PUCCH format 3 or PUCCH format 4 for transmission of CSI reports are excluded from the set  if they overlap with any resource from the resources for transmission of HARQ-ACK information
-------------------------------------------------   Text Proposal End  ----------------------------------------------------

PUCCH capacity
Problem description
With respect to the PUCCH resource capacity which is determined by the configured PRBs and the corresponding maximum code rate, two companies (LG and Samsung), discussed that the UE behaviour is undefined where both PUCCH resources have the same capacity. LG proposes a rule for the UE to select one of the PUCCH resources, while Samsung proposes to ensure this situation not to occur.  This seems to be a corner case and can be even considered as miss configuration. If clarification is needed, Samsung approach seems to be a preferred approach than defining a new behaviour as LG proposes.
Moreover, CATT proposes in Proposal 3 that when CSI and HARQ-ACK corresponding to DL-SPS are multiplexed on the CSI PUCCH resource, if there is not enough capacity, CSI is dropped following CSI priority rules. Considering that HARQ-ACK DL SPS is 1 or 2 bits, this seems to be a very corner case and adopting such proposal is questionable. Finally, CATT Proposal 2 seems to be the current behaviour. More clarification is needed to have better understanding of the proposal.
 

Recommendation
Discussion: 
· Whether clarification or agreement is needed. If needed, Proposal 4-1 below is recommended to be adopted.
Proposal 4-1 for possible agreement (if needed)
· A UE does not expect higher layer parameter multi-CSI-PUCCH-ResourceList to provide two multi-CSI resources that support multiplexing for a same maximum number of UCI bits. 

List of proposal
Proposal #2 (LG, R1-1810257): 
If the supportable maximum UCI payload size (or capacity) of different PUCCH resources configured for multiple CSI reports are the same, the PUCCH resource is selected based on the following priority order:
PUCCH resource with the higher maximum code rate (R)
PUCCH resource having the PUCCH format with shorter duration (if the configured maximum code rates are the same)
Proposal 5 (Samsung, R1-1810843): 
A UE does not expect higher layer parameter multi-CSI-PUCCH-ResourceList to provide two multi-CSI resources that support multiplexing for a same maximum number of UCI bits. 
Proposal 2 (CATT, R1-1810521): 
When UCI is transmitted on a CSI PUCCH resource, the number of RBs should be determined according to the UCI bits and the configured max coding rate.
Proposal 3 (CATT, R1-1810521): 
When UCI is transmitted on CSI resource, CSI should be dropped according to CSI priority if there is not enough resource for carrying CSI and SPS HARQ-ACK/SR on CSI resource.


Dropping rules in pseudo code for UCI multiplexing
Problem description




One company (QC) explains that in TS 38.213 Section 9.2.5.1, the specification of the pseudo code says that “multiplex UCI for resources  in a single resource as described in Subclauses 9.2.5.1 and 9.2.5.2”. This sentence means that, in each while loop once a new resource  is needed, UCI dropping is applied on  , as UCI dropping is applied as specified in Subclauses 9.2.5.1 and 9.2.5.2 when number of RBs is not enough to transmit combined UCIs. Apparently, it is not necessary to apply UCI dropping in intermediate resource  before while loop ends. The reason is because it may end up that UCI is multiplexed on a final PUCCH or PUSCH resource with sufficient number of RBs. Unnecessary UCI dropping in the middle may degrade NR system performance. Therefore, QC proposes (Proposal 5) to clarify UCI dropping only applies on the PUCCH or PUSCH resources to transmit multiplexed UCI after pseudo code. This proposal appears to be reasonable but further justifications in spec is needed.
Recommendation
Discussion:
· There is merit in considering the dropping rules after the pseudo code.
· Discuss whether to consider this proposal or not.
· It is important to minimize the spec impact (i.e. on section 9.2.5.1 and 9.2.5.2) and be aligned with the possible changes as discussed in section 2 above.

List of proposals
Proposal 5 (QC, R1-1811235):
It is clarified that UCI dropping is applied only on the final determined PUCCH or PUCSH resources after the execution of the pseudo code in TS38.213 Section 9.2.5. 
SR for UCI multiplexing
Problem description
In relation with SR and UCI multiplexing, three companies (QC, HW, CATT) discussed three possible issues which are described below.
· Problem 1 (QC): It is agreed if SR resources overlap with a UCI with PUCH format 2, 3 or 4, the SR is multiplexed on the UCI PUCCH resource of format 2, 3 or 4. Since UCI can include HARQ-ACK due to grant-based PDSCH transmission, it is proposed instead of reusing the UCI (without SR) PUCCH resource, to determine a new PUCCH resource based on the total UCI (including HARQ-ACK and SR)  with determining a corresponding PUCCH resource set and the resource indicator field in the last DCI.

· Problem 2 (HW): It is discussed that for two overlapping groups as shown in Figure 4, the first group includes negative SRs and second group contains HARQ-ACK and CSI. According to the procedure in subclause 9.2.5, the resource A should be determined at the beginning. If the negative SR could be resource A, for the overlapping between negative SRs, how to find a single resource to multiplex both negative SRs based on the pseudo code in the specification. If the negative SR cannot be selected as resource A (because there is no information and energy on the PUCCH resource for SR in fact), the pseudo code will begin from the HARQ-ACK PUCCH. However, the overlapping of HARQ-ACK and CSI may result in a new PUCCH and the new PUCCH could overlap with these negative SRs in the first group. As the agreement above required, these SRs should be multiplexed on the new PUCCH, but actually they have already been skipped from the first step to decide resource A. Besides this, if the negative SR cannot be resource A, misunderstanding may happen between UE and gNB. Because positive SR could be resource A without doubt, but gNB does not know when the SR is positive or negative and meanwhile cannot where the timeline exactly is.


[bookmark: _Ref525661532]Negative SR overlapping


· Problem 3 (CATT): It is argued that , if we respect the RAN1 agreement that only a single positive SR can be indicated in a PUCCH, either RAN2 needs to introduce some restriction on how SR is triggered for multiple SR configurations with non-overlapping occasions, or RAN1 needs to specify the SR selection rule to select one positive SR when both SR configurations have positive SR and the corresponding PUCCH resources overlap with the HARQ-ACK/CSI PUCCH. 




 HARQ-ACK/CSI overlapping with two SR PUCCHs corresponding to different SR configurations
However, it is not clear if any changes is needed. From 9.5.2.1 cited below, it is clear that both SR resources in the figure above are multiplexed with HARQ-ACK where only one of them can be positive (since the bits represent the ID of one positive SR) and which SR is triggered is up to UE implementation.
---------------------------- Beginning of Text TS 38.213, section 9.5.2.1   ---------------------------------------
In the following, a UE is configured to transmit [image: ] PUCCHs for respective [image: ] SRs in a slot, as determined by a set of higher layer parameters schedulingRequestResourceId, with SR transmission occasions that would overlap with a transmission of a PUCCH with HARQ-ACK information from the UE in the slot or with a transmission of a PUCCH with periodic/semi persistent CSI transmission from the UE in the slot.
….
If a UE would transmit HARQ-ACK information bits in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot, as described in Subclause 9.2.3, [image: ] bits representing a negative or positive SR, in ascending order of the values of schedulingRequestResourceId, are appended to the HARQ-ACK information bits and the UE transmits the combined UCI bits in a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4 for transmission of HARQ-ACK information bits. An all-zero value for the [image: ] bits represents a negative SR value across all [image: ] SRs. 
….
------------------------------------ End of Text  --------------------------------------------------

Recommendations
Discussion for problem 1:
· Whether change of previous agreement is necessary for more commonality. 
· If corresponding changes are supported, adopt the Proposal 4 in R1-1811235.
Discussion for problem 2:
· Discuss to consider Proposal 2 (HW, HiSI, R1-1810110) as potential agreement. 
· Discuss whether there are hidden issues.
Discussion for problem 3:
· Discuss whether this proposed change is necessary. It seems it is already covered in the spec.

List of proposals
Proposal 4 (QC, R1-1811235):
Adopt the following TP in TS38.213 Section 9.2.5.1
----------------------------------------------------   Text Proposal Start ---------------------------------------------------
If a UE would transmit a PUCCH with HARQ-ACK information bits in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot, as described in Subclause 9.2.3, [image: ] bits representing a negative or positive SR, in ascending order of the values of schedulingRequestResourceId, are appended to the HARQ-ACK information bits and the UE transmits the combined UCI bits in a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4 for transmission of HARQ-ACK information bits where
-    the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and 

-    the UE determines the PUCCH resource set as described in Subclause 9.2.1 and Subclause 9.2.3 for  UCI bits
An all-zero value for the [image: ] bits represents a negative SR value across all [image: ] SRs
------------------------------------------------   Text Proposal End  ----------------------------------------------------
Proposal 2 (HW, HiSi, R1-1810110): 
Correction for pseudo code in subclause 9.2.5 in TS 38.213 should be applied
	------------------------------- Start of Text Proposal ------------------------------------------
< Unchanged parts are omitted >

while 



if  and resource  overlaps with resource  




else

if 

	if at least one of resources  is not for negative SR

multiplex UCI for resources  in a single resource as described in Subclauses 9.2.5.1 and 9.2.5.2 set the index of the single resource to [image: ] 
end if



  % start from the beginning after reordering unmerged resources at next step




 % function that re-orders resources in current set 
else


end if
end if
end while
< Unchanged parts are omitted >
----------------------------------- End of Text Proposal ----------------------------------------




Proposal 1 (CATT, R1-1810521):
For HARQ-ACK/CSI overlapping with PUCCH resources corresponding to more than one positive SR, it is up to UE to select one positive SR to be multiplexed with HARQ-ACK/CSI on the HARQ-ACK/CSI PUCCH resource.
Other issues
· [bookmark: OLE_LINK1]Proposal 2 (ZTE, R1-1810340): multiplexing rules for SPS HARQ-ACK/SR overlapping with two CSI reports when multi-CSI-PUCCH-resource is configured should also be defined.
· Comment: This proposal seems to be not necessary. 
· In this case all CSI reports, are multiplexed on one PUCCH resource in multi-CSI-PUCCH resource. Hence there will not be two non-overlapping CSI PUCCH resources. See section 2 for the relevant discussions.
· Proposal 4 (WILUS, R1-1811450): 
If a collision between PUCCH without HARQ-ACK and PUSCH with URLLC data scheduling is occurred, drop PUCCH.
For the case of a collision between PUCCH with HARQ-ACK and PUSCH with URLLC, it seems beneficial to consider further options such as using shortened PUCCH format or piggybacking UCI on PUSCH with URLLC.
· Comment: In Rel-15, it is not clear how a data is URLLC data. Hence these proposal cannot be addressed as a maintenance issue.
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