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[bookmark: DocumentFor]Introduction
This contribution summarizes the maintenance issues on UL control channel with the focus on the UCI multiplexing due to overlapping of PUCCH resources.
 Based on a general observation and the discussions from the previous meeting, it seems that there is an uncertainty whether to specify error cases or not.
It is beneficial to discussed whether the following can be considered as a conclusion or not:
Possible conclusion:
· If there is a case that the corresponding UE behavior is not specified, that case is considered by definition an error case.
· gNB is not expecting a specific behavior from the UE.
· The behavior is upto UE implementation.
· No specification in needed to determine the error case.
· Note that these cases are different with cases that results in ambiguity in UE behavior.

In the following, some proposals from companies with the focus on UCI multiplexing are capture and discussed. For progress on each proposal, a way forward is recommended. 
PUCCH in set Q overlapping with multi-slot PUCCH
Problem description and discussion
In R1-1812182 (HW), it is described that when there is both overlapping single slot PUCCHs and multi-slot PUCCH, there can be a scenario that the new determined single-slot PUCCH during the Step1 procedure does not overlap with the multi-slot PUCCH directly, but overlaps with a single-slot PUCCH that collides with a multi-slot PUCCH as shown in Figure 1.
[image: ]
[bookmark: _Ref529719854]Figure 1 
In order to have a uniform design and avoid unnecessary iteration, HW suggests that this case should be also regarded as an error case, similarly to the case that a new determined single-slot PUCCH is not expected to overlap with a multi-slot PUCCH and proposes the following.
Proposal 1 (R1-1812182, HW): UE is not expected to have a group of overlapping single-slot PUCCH(s) that do not overlap with a multi-slot PUCCH to be multiplexed into a single-slot PUCCH resource that overlap with another single-slot PUCCH colliding with the multi-slot PUCCH.
[bookmark: _GoBack]Recommendation: 
Discuss whether spec changes to specify the scenario discussed above as an error case is needed. 
· No, it is not needed. 
· If the UE behaviour is not defined for this scenario, it is by definition an error case. 
· Yes, it is needed.
·  Adopt the following proposal.
Proposal: 
· Adopt the following TP in section 9.2.5 of 38.213.

	----------------------------------- Start of Text Proposal TS 38.213 ----------------------------------------
9.2.5	UE procedure for reporting multiple UCI types
< Unchanged parts are omitted >

For each PUCCH resource in the set  that satisfies the aforementioned timing conditions, when applicable,
· the UE transmits a PUCCH using the PUCCH resource if the PUCCH resource does not overlap in time with a PUSCH transmission
· the UE multiplexes HARQ-ACK information and/or CSI reports in a PUSCH if the PUCCH resource overlaps in time with a PUSCH transmission, as described in Subclause 9.3, and does not transmit SR. In case the PUCCH resource overlaps in time with multiple PUSCH transmissions, the PUSCH for multiplexing HARQ-ACK information and/or CSI is selected as described in Subclause 9. If the PUSCH transmission by the UE is not in response to a DCI format detection and the UE multiplexes only CSI reports, the timing conditions are not applicable
· the UE does not expect the resource to overlap with a second resource of a PUCCH transmission over multiple slots if the resource is obtained from a group of resources that do not overlap with the second resource
· and the UE does not expect the first resource to overlap with a second resource overlapping with a third resource of a PUCCH transmission over multiple slots, if the first resource is obtained from a group of resource that do not overlap with either second or third resource
< Unchanged parts are omitted >
 -------------------------------- End of Text Proposal TS 38.213 --------------------------------------------



Offline discussion
Offline conclusion:
· Define an order such that among the overlapping PUCCH resources in a slot, overlapping with multi-slot PUCCHs is resolved first, based on section 9.2.6 in 38.213.
.
Proposal: 
· Adopt the following TP in section 9.2.5 of 38.213.

	----------------------------------- Start of Text Proposal TS 38.213 ----------------------------------------
9	UE procedure for reporting control information
< Unchanged parts are 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 overlapping physical channels, the UE applies the priority rules described in TS 38 .214 for the multiplexing of CSI reports.
If a UE has overlapping resources for PUCCH transmissions in a slot that at least one of the PUCCH resources is with repetitions over multiple slots, the UE first follows the procedures as described in Subclause 9.2.6 to resolve overlapping between PUCCH resources.

< Unchanged parts are omitted >
 -------------------------------- End of Text Proposal TS 38.213 --------------------------------------------





Offline conclusion:
· Editor of 38.213 will check whether the current text in section 9.2.5 and 9.2.6 captures the agreement RAN1#94bis of overlapping of a multi-slot PUCCH and single-slot PUCCH.

Agreements (RAN1#94bis):
If two or more PUCCH resources overlap with each other in a slot within the same PUCCH group, and at least one of them is multi-slot PUCCH(s)  
· The UE is not expected to have the multi-slot PUCCH and single-slot PUCCH overlapping with the same starting slot and carrying UCI with the same priority
· For UCI with the same priority, the PUCCH that starts in an earlier slot is transmitted.
· For UCI with different priority, the PUCCH with highest UCI priority is transmitted in overlapping slot if timeline requirement is met. 
· Priority is defined as follows: HARQ-ACK > SR > CSI with higher priority >CSI with lower priority
· In overlapping slot, the de-prioritized UCI is dropped without any postponing of the transmission
· There is no impact on the transmission of the de-prioritized UCI in the remaining non-overlapping slots
·  UE is not expected to have a group of overlapping single-slot PUCCH(s) that do not overlap with multi-slot PUCCH to be multiplexed into a single-slot PUCCH resource that overlap with multi-slot PUCCH.


Multi-CSI PUCCH resources with same capacity
Problem description and discussion
In Rel-15, at most 2 multi-CSI PUCCH resources can be configured to a UE per UL BWP, and when one of the resources is used to transmit the colliding CSI reports, the UE chooses the multi-CSI PUCCH resource with the smallest capacity but such that the CSI payload of all colliding CSI reports is not larger than the capacity. 
It is discussed in R1-1812289 (Vivo) that one remaining issue is whether a UE can be configured with two multi-CSI resources having the same capacity. In essence, the issue is how to select one PUCCH resource between the two resources. If a UE can be configured with 2 multi-CSI PUCCH with the same capacity, some new rules are needed to introduce, such as selecting a PUCCH with lower code rate, or a PUCCH with smaller resource ID, or up to UE implementation, etc.
However, in vivo’s opinion tthere is no motivation to configure 2 multi-CSI PUCCH resources with the same capacity and a UE is not expected to be configured with two multi-CSI resources with same capacity and proposes the following:
Proposal 1 (R1-182289, Vivo): A UE does not expect the higher layer parameter multi-CSI-PUCCH-ResourceList provides two multi-CSI resources with the same capacity.
Recommendation
Discuss whether spec changes are needed to specify the discussed error case or not (Alt 1 or Alt  2):
· Alt 1: A UE does not expect the higher layer parameter multi-CSI-PUCCH-ResourceList provides two multi-CSI resources with the same capacity.
· Alt 2: No spec changes are needed.
· Conclusion: The specified behaviour is assuming the two PUCCH resources have different capacity. Otherwise, it is an undefined behaviour and by definition is an error case. 
UCI multiplexing procedure
Problem description and discussion


It is discussed in R1-1812289 (Vivo) that in TS 38.213 Section 9.2.5.1, if there any overlapped PUCCH resources, UE will run the pseudo code to determine a single resource  to multiplex the UCI for the group of overlapping PUCCH resources.  In the pseudo code it is said that “multiplex UCI for resources  in a single resource as described in Subclauses 9.2.5.1 and 9.2.5.2”. In clause 9.2.5.2, when one or more CSI reports and HARQ-ACK/SR information bits are multiplexing in a PUCCH resource, if the UCI payload make it beyond the configured maxCodeRate, when UE multiplexes the HARQ-ACK/SR and CSI, UE will drop some CSI reports with lower priority until the code rate is less or equal to the configured maxCodeRate.
	TS 38.213 9.2.5

if 

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: ] 







Vivo is of the opinion that if we follow the pseudo code, CSI dropping is applied on  which is not needed because the determined PUCCH resource may not the final resource to transmit these UCI. Therefore, CSI dropping should only be applied to the final resource.
Proposal 6 (R1-182289. Vivo): 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. 
In R1-1812604 (CATT), similar issue is discussed that additional consideration are needed for case of non-overlapping PUCCH resources after Step 1 in UCI multiplexing to ensure that they are limited to maximum two PUCCH resources while both of them cannot be long PUCCHs, which means that one of them should be  a short PUCCH.
Proposal 5 (R1-1812604, CATT): When there are multiple non-overlapped PUCCHs 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.
This issue was discussed intensively during the last meeting. It is important to note that the pseudo code is about “determination of a PUCCH resource”. It is not about the transmission of the UCI on a PUCCH resource. Therefore, UCI dropping if needed, would be applicable at the stage that a UE determines the PUCCH resource for “transmission”. It is important to clarify that as specification clearly states, the restriction in related to the PUCCH resources that UE eventually uses for “transmission”, not the resources that the UE is configured with, or the resources that the UE determines during the Step 1 procedure.
	Section 9.2 in TS 38.213
9.2 	UCI reporting in physical uplink control channel

A UE may transmit one or two PUCCHs on a serving cell in different symbols within a slot of  symbols as defined in [4, TS 38.211]. When the UE transmits two PUCCHs in a slot, at least one of the two PUCCHs uses PUCCH format 0 or PUCCH format 2.
…



Moreover, the gNB as well as the UE is aware of this restriction. Hence, the outcome of multiplexing should not be as such that the UE would end up in a case that has two long non-overlapping PUCCH resources for transmission. If such a case happens, that is an error case by definition. 
In case of SR, since it is upto the UE to select which positive SR to transmit, the UE can choose PUCCH resources for positive SR such that the above rule is not violated. For SR detection, the gNB has to do blind-decoding to determine which PUCCH resource carries positive SR, if any.
Hence it is not clear whether any changes in the specification is needed. 
Recommendation
Discuss whether further clarification is needed on the constraint on transmission of UCI in two non-overlapping PUCCH resources.
· No
· The pseudo code is about the “determination of a PUCCH resource”. This resource may not be the resource a UE a UE uses for “transmission”.
· If it occurs in case of AN and CSI, it is obviously an error case since the gNB is in control of the UCI.
· If it occurs in case of SR, UE should transmit positive SR such that the constraint is respected, since gNB is not aware of positive or negative SRs.
· Yes. 
Consider the following proposals:
· Proposal: 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: When there are multiple non-overlapped PUCCHs 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: 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. 
Maximum payload for PUCCH format 4
Problem description and discussion
In R1-182289 (Vivo), it is clarified that in clause 9.2.5.2 when a UE multiplexes HARQ-ACK, SR, and periodic/semi-persistent CSI report(s) in a PUCCH transmission using PUCCH format 4, number of CRC bits should be included to determine the maximum payload size i.e. 115 bits, based on the maxCodeRate 0.8.
Vivo proposes to clarify as:
· … total number of UCI bits (including CRC for CSI part 1 and part 2, if any) …
However, since the following is described in Section 9.2:
“For the determination of the number of PRBs in Subclauses 9.2.3, 9.2.5.1 and 9.2.5.2, a UE assumes 11 CRC bits if a number of respective UCI bits is larger than or equal to 360; otherwise, the UE determines a number of CRC bits based on the number of respective UCI bits as described in [5, TS 38.212].”
It seems the following clarification would be sufficient.
· … total number of UCI bits including CRC …
Recommendation
Consider the following proposal as an editorial change for possible agreement.
Proposal: Adopt the following TP in section 9.2.5.2 in TS 38.213.
	------------------------------------------Start of Text Proposal TS 38.213 -------------------------------------------
9.2.5.2	 UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH
< Unchanged parts are omitted >
A UE is configured by higher layer parameter maxCodeRate a code rate for multiplexing HARQ-ACK, SR, and periodic/semi-persistent CSI report(s) in a PUCCH transmission using PUCCH format 2, PUCCH format 3, or PUCCH format 4. If the PUCCH transmission uses PUCCH format 4 and if the total number of UCI bits including CRC is more than 115, the UE drops CSI reports as described in [6, TS38.214] until the total number of UCI bits including CRC is smaller than or equal to 115.
< Unchanged parts are omitted >
------------------------------------------ End of Text Proposal TS 38.213 -------------------------------------------



PUCCH overlapping with multiple PUSCHs in a slot
Problem description and discussion
In R1-183302 (DCM), it is identified that the UE behaviour is unclear when a PUCCH overlaps with multiple PUSCHs in a slot and at least one of the PUSCHs includes A-CSI. Although the issues identified is valid, it is not clear how the proposed changes in the following resolves the issue.
	TP Section 9 in TS 38.213
….
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 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 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.
----



Alternatively, one can resolve the problem as the following:
· Keep the first paragraph in the spec that shown below, to determine which PUSCH resource should be used for overlapping.
· The rules in this paragraph, determine the UCI types that should be kept or skipped in multiplexing.
· The second paragraph in the spec that shown below, then addresses that in case of multiple PUSCHs, which one should be used for UCI multiplexing from an overlapping PUCCH.
· Make changes in the second paragraph to be applicable whether there is a-CSI in one of the multiple PUSCHs or not.

	Section 9 in TS 38.213
….. 
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 overlapping physical channels, the UE applies the priority rules described in TS 38 .214 for the multiplexing of CSI reports.
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 only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reports in the PUSCH
-	multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CSI reports in the PUSCH
…
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 the UE does not multiplex aperiodic 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.
….



Recommendation
Discuss to adopt the following TP in Section 9 of TS 38.213 to address the case of overlapping a PUCCH with multiple PUSCHs in a slot with a A-CSI in at least one of them.
	9   UE procedure for reporting control information
------------------------------------------ Start of Text Proposal TS 38.213 -------------------------------------------
< Unchanged parts are 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 overlapping physical channels, the UE applies the priority rules described in TS 38 .214 for the multiplexing of CSI reports.
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 only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reports in the PUSCH
-	multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CSI reports in the PUSCH.
< Unchanged parts are omitted >
If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI of a PUCCH in one of the multiple PUSCHs and the UE does not multiplex aperiodic 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.
< Unchanged parts are omitted >
------------------------------------------ End of Text Proposal TS 38.213 -------------------------------------------




Overlapping a single-slot PUCCH and multi-slot PUSCH
Problem description and discussion
In R1-183302 (DCM), it is claimed that the UE behaviour is unclear when single-slot CSI on PUCCH is overlapped with multi-slot PUSCH.
The following change is proposed to include CSI report together with HARQ-ACK in the paragraph in section 9 that multi-slot PUSCH is mentioned: 
	Section 9 in TS 38.213
….
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK information and/or CSI report over a single slot and in a slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Subclause 9.2.5 for multiplexing the HARQ-ACK information and/or CSI report, the UE multiplexes the HARQ-ACK information and/or CSI report in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK information and/or CSI report in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK information and/or CSI report in the slot in case the PUSCH transmission was absent.
….



However, although the raised issue seems to be valid, the solution may create more problems. This paragraph is intended to address that when HARQ-ACK is multiplexed in a PUSCH that is repeated over slots, it should be multiplexed in the consecutive slots as well. This condition is not valid for CSI. Hence, it is better not to make changes in this paragraph. Instead make the changes in the paragraph below in Section 9 that describes which UCI to keep or not (as described in the previous section) and include clarification that the conditions are valid for both single slot and multi-slot PUSCH.
	Section 9 in TS 38.213
….. 
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 overlapping physical channels, the UE applies the priority rules described in TS 38 .214 for the multiplexing of CSI reports.
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 only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reports in the PUSCH
-	multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CSI reports in the PUSCH
…



Recommendation
Discuss to adopt the following TP in Section 9 of TS 38.213 to address the case of overlapping a PUCCH with CSI with multi-slot PUSCHs in a slot.
	9   UE procedure for reporting control information
------------------------------------------ Start of Text Proposal TS 38.213 -------------------------------------------
< Unchanged parts are 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 overlapping physical channels, the UE applies the priority rules described in TS 38 .214 for the multiplexing of CSI reports.
If a UE 
-	would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission over a single or multiple slots, and 
-	the PUSCH and PUCCH transmissions fulfill the conditions in Subclause 9.2.5 for UCI multiplexing, 
the UE 
-	multiplexes only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reports in the PUSCH
-	multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CSI reports in the PUSCH.
< Unchanged parts are omitted >
------------------------------------------ End of Text Proposal TS 38.213 -------------------------------------------



UCI PUCCH overlapping with non-overlapping SRs
Problem description and discussion
In R1-1812604 (CATT), it is described that when multiple SR PUCCH resources overlap with a HARQ-ACK or CSI PUCCH resource, with respect to the RAN1 agreement, only a single positive SR can be indicated in a PUCCH as shown in Figure 2. In this case, CATT discusses that 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. 


[bookmark: _Ref529726124]Figure 2
CATT for simplicity prefers a RAN1 based solution and leave the selection to UE implementation. Hence it proposes the following with a corresponding TP for 38.213:
Proposal 1 (R1-1812604, CATT): For HARQ-ACK/CSI overlapping with PUCCH resources corresponding to more than one positive SR, it is up to UE to select one PUCCH with positive SR and drop the other PUCCH(s) with positive SR before doing the multiplexing of positive SR and HARQ-ACK/CSI. 
Proposal 4 (R1-1812604, CATT): 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. 

However, another interpretation is that it can be understood from the description in section 9.2.5.1 of TS 38.213 (cited below) that only one positive SR is transmitted, even though multiple SR PUCCHs are overlapped with an HARQ-ACK or CSI PUCCH resource.  Since no rule is specified, it implies that it is based on the UE implementation which positive SR to be transmitted.  The gNB has to perform blind decoding in case of SR, anyway. Therefore, it is not clear whether any changes in spec needed.
	9.2.5.1 UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH


In the following, a UE is configured to transmit  PUCCHs for respective  SRs in a slot, as determined by a set of 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 CSI report(s) from the UE in the slot.
….



Recommendation
Discuss whether it should be captured in spec that it is up to UE implementation to select one PUCCH with positive SR when multiple SR PUCCH resources overlap with a HARQ-ACK OUCCH resource.
· No, no spec change is needed.
· One positive SR is transmitted and since no rule is specified, it implies that it is based on the UE implementation.
· Yes, it should be clarified in spec. Hence adopt the following TP in section 9.2.5 of 38.213.
	-------------------------------------- Start of Text Proposal TS 38.213 -------------------------------
9.2.5 UE procedure for reporting multiple UCI types
< Unchanged parts are omitted >
If a UE is configured to transmit  PUCCHs for respective  SRs in a slot, as determined by a set of 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 report(s) from the UE in the slot, if there is more than one positive SR indication, the UE selects one positive SR indication for transmission and drops the other positive SR indication(s).
A UE multiplexes HARQ-ACK information, with or without SR, and periodic/semi-persistent CSI resport(s) in a same PUCCH if the UE is provided simultaneousHARQ-ACK-CSI; otherwise, the UE drops the periodic/semi-persistent CSI report(s) and includes only HARQ-ACK information, with or without SR, in the PUCCH. If the UE would transmit multiple PUCCHs in a slot that include HARQ-ACK information and CSI report(s), the UE expects to be provided a same configuration for simultaneousHARQ-ACK-CSI each of PUCCH formats 2, 3, and 4. 
< Unchanged parts are omitted >
-------------------------------------- End of Text Proposal TS 38.213 -------------------------------


Multiplexing AN/SR SPS and CSI 
Problem description and discussion
In R1-1812604 (CATT), it is discussed that it already specified the CSI dropping behavior for the multiple CSI reports on multi-CSI PUCCH resource case and for multiplexing of CSI and HARQ-ACK/SR on HARQ-ACK PUCCH resource case, for which gNB still can avoid the CSI dropping by configuration. CATT suggests that from a similar perspective, CSI dropping could be specified for single CSI report overlapping with SPS HARQ-ACK and/or SR case as well.
Proposal 2 (R1-1812604, CATT): For the simultaneous transmission of single CSI report and SPS HARQ-ACK and/or SR on a PUCCH resource configured for the single CSI report, CSI dropping should be supported when the coding rate of UCI on such PUCCH would exceed the target coding rate. 
CATT also discusses that in the current specification of 38.213 Subclause 9.2.5.2, RB min determination is used for multiplexing of HARQ-ACK and CSI on HARQ-ACK PUCCH resource but it is not used for UCI transmission on CSI PUCCH resource. It is suggested to adopt a unified solution for whether RB min can be used for UCI multiplexing on HARQ-ACK resource and CSI resource in Subclause 9.2.5.2. 
Proposal 3 (R1-1812604, CATT): A unified solution should be used for RB number determination in 38.213 Subclause 9.2.5.2 by either adding RB min determination procedure for UCI transmission on CSI resource, or removing the RB min determination procedure for multiplexing of HARQ-ACK and CSI on HARQ-ACK resource. 
Recommendation
Discuss whether to include CSI dropping for simultaneous transmission of one CSI report and SPS HARQ-ACK/SR on a PUCCH resource configured for a single-CSI report and adopt the follwong TP in Sec 9.2.5.2 of TS 38.213.
	[bookmark: _Toc517265068]-------------------------------------- Start of Text Proposal TS 38.213 -------------------------------
9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR and CSI in a PUCCH
<Unchanged text omitted>
If a UE has one or more CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH
-	if the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with  PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Subclause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, where for PUCCH format 4 the number of REs is , modulation order , and configured code rate ;
-	if , the UE uses PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource 
-	else if  and , , the UE transmits a PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource  
-	else the UE uses the PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource  and the UE selects  CSI report(s) for transmission together with HARQ-ACK information and SR, when any, in ascending priority value as described in [6, TS 38.214] 
-	else, the UE transmits the  bits in a PUCCH resource provided by pucch-CSI-ResourceList and determined as described in Subclause 9 and Subclause 9.2.5
-	if , the UE transmits the PUCCH over [image: ] PRBs by selecting [image: ] CSI report(s) for transmission together with HARQ-ACK information and SR in ascending priority order as described in [6, TS 38.214]
<Unchanged text omitted>
-------------------------------------- End of Text Proposal TS 38.213 -------------------------------
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