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Introduction 
In RAN1 #92 meeting, the following agreements were made regarding the multiplexing of HARQ-ACK/SR and CSI reports bits configured with PUCCH resources with the same starting symbols [1]:

Agreements:
· When AN/SR and CSI PUCCH resources have the same starting symbols, one PUCCH resource is used for transmission of AN/SR and CSI.
· If the UE is configured with more than one PUCCH resource sets, the PUCCH resource set is determined based on the total number of AN/SR and CSI. The PUCCH resource is determined based on ARI.
· FFS on UE assumption on the CSI part 2 is present
· FFS if/how to multiplex CSI and AN/SR in case PUCCH format indicated by ARI for AN/SR and CSI is different from the configured PUCCH format for CSI.
· If the UE is configured with only one PUCCH resource set,
· FSS how to determine the PUCCH resource for transmission of UCI

In this contribution, we discuss our views on handling multiplexing between HARQ-ACK/SR and CSI in case simultaneous HARQ-ACK/SR and CSI transmission is configured with PUCCH resource that is different from the semi-statically configured CS PUCCH resource, with the starting symbols indicated by these different PUCCH resources being the same.
Further, in this contribution, we suggest a series of draft text proposals for sections 9.2.5.1 and 9.2.5.2 of TS 38.213 v15.0.1 [2] to capture existing RAN1 agreements [1][3] on handling collision between multiple CSI reports and multiplexing of the UCI bits, for cases with and without the presence of HARQ-ACK/SR transmission occasions.  
UE procedure for reporting multiple UCI types
In section 9.2.5 of TS 38.213 v15.0.1 [2], UE procedure for multiplexing HARQ-ACK, SR and CSI is described, where a SR transmission occasion from a UE is assumed to have a same first symbol as a HARQ-ACK transmission from the UE or a same first symbol with a CSI transmission from the UE. In the following subsection, we propose draft text proposals to capture missing RAN1 agreements on handling collision between multiple UCI types (especially, between multiple colliding CSI reports with/without the presence of HARQ-ACK/SR transmission occasions) that are relevant to section 9.2.5 of TS 38.213 v15.0.1 [2] and essential for the completion of the specification.
UE procedure for multiplexing HARQ-ACK or CSI and SR
If UE multiplexes HARQ-ACK/SR and CSI bits on a PUCCH resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, then for PUCCH format 2 or PUCCH format 3 UE may transmit the combined payload using more than one PRBs. How UE determines the number of PRBs  to be used for transmission from a given number of PRBs  by higher layer parameters PUCCH-F2-number-of-PRBs or PUCCH-F3-number-of-PRBs is specified in section 9.2.5.1 of TS 38.213 v15.0.1 [2]. However, for PUCCH format 3,  can only take values from the set of number of PRBs  which can be factorized as  due to DFT-s-OFDM waveform [4]. This restriction in the candidate values of  for PUCCH format 3 is missing in TS 38.213 v15.0.1 [2]. Therefore, we suggest the following draft text proposal to be incorporated in section 9.2.5.1 of TS 38.213 [2]

Proposal 1 (for PUCCH format 3)
Adopt the following text proposal for section 9.2.5.1 of TS 38.213
--------------------------------------------------------------<Start text proposal>--------------------------------------------------------------
[bookmark: _Toc508784704]9.2.5	UE procedure for reporting multiple UCI types
[bookmark: _Ref500749986][bookmark: _Toc508784705]9.2.5.1	UE procedure for multiplexing HARQ-ACK or CSI and SR
(Unchanged part is omitted)














If a UE transmits HARQ-ACK bits,  SR bits, and  CRC bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes  PRBs, the UE determines a number of PRBs  for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs provided respectively by higher layer parameter PUCCH-F2-number-of-PRBs or PUCCH-F3-number-of-PRBs and starts from the first PRB from the set of number of PRBs  for PUCCH format 2 or from the set of number of PRBs  for PUCCH format 3, that results to  and, if ,  , where , , , and  are defined in Subclause 9.2.5.2. If , the UE transmits the PUCCH over the  PRBs.
--------------------------------------------------------------<End text proposal>---------------------------------------------------------------
UE procedure for multiplexing multiple CSI reports
In RAN1 201801Adhoc [3] and #92 [1] meetings, the following agreements were made regarding selection of PUCCH resource and multiplexing rule for multiple colliding CSI reports:
Agreements:
· Support configuring the UE with J>=1 PUCCH resource configuration per UL BWP candidate used for carrying multiple CSI reports (associated with a PUCCH resource config (Format 2/3/4 and its Maximum Code rate))
· In case the PUCCH resources for two or more PUCCH-based CSI reports collide (at least partially overlap in time), the colliding CSI reports with the highest priorities are carried in a multi-CSI PUCCH resource and remaining CSI reports are dropped
· The number of included CSI reports is determined by the configured maximum code rate of the multi-CSI PUCCH resource 
· This applies to CSI only transmission on PUCCH, i.e. not multiplexed with HARQ-ACK
· The PUCCH resource for carrying multiple CSI reports does not need to be configured to a UE
Agreements:
· Clarify that the J>=1 multi-CSI PUCCH resources are configured separately in PUCCH-Config and are not associated with any specific CSI Report Setting, following LTE approach. Each CSI Report Setting further has a dedicated PUCCH resource configured.

Agreements:
· Which of the J>=1 multi-CSI PUCCH resources are used to transmit the colliding CSI reports is determined as follows:
· Choose 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
· If no such resource is configured, choose the largest multi-CSI PUCCH resource and apply dropping rules

As per the first two sets of agreements quoted above, the highlighted parts imply that in case of collision of multiple CSI reports, multi-CSI PUCCH resources are configured separately on which one or multiple colliding reports are combined. Further, in case the largest multi-CSI PUCCH resource configured to UE does not have the capacity to carry the CSI payload of all colliding CSI reports, dropping rules are applied as per the third set of agreements quoted above. These aspects are missing in section 9.2.5.2 of TS 38.213 v15.0.1 [2]. In order to complete the spec, we suggest the following text proposal to be incorporated in section 9.2.5.2 of TS 38.213.
Proposal 2 (multi-CSI PUCCH resource configuration and dropping rule)
Adopt the following text proposal for section 9.2.5.2 of TS 38.213
--------------------------------------------------------------<Start text proposal>--------------------------------------------------------------
9.2.5	UE procedure for reporting multiple UCI types
9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR and CSI
In the following, a periodic/semi-persistent CSI transmission occasion from a UE is assumed to have a same first symbol as a HARQ-ACK/SR transmission from the UE as described in Subclause 9.2.5.1. For a single PUCCH based CSI report, a PUCCH resource for CSI report is determined from PUCCH resources configured by higher layer parameter pucch-CSI-ResourceList, and for the case of multiple transmission occasions of CSI reports with a same first symbol, a PUCCH resource is determined from PUCCH resources configured by higher layer parameter multi-CSI-PUCCH-ResourceList to convey the CSI reports.
For a UE transmitting a PUCCH using PUCCH format 2, PUCCH format 3, or PUCCH format 4 to convey HARQ-ACK/SR and periodic/ semi-persistent CSI reports
...
(Unchanged part is omitted)
then
· 




if the UE is configured with  PUCCH format 2 resources, or with  PUCCH format 3 resources, or with  PUCCH format 4 resources, as described in Subclause 9.2.1, which are configured either by higher layer parameters multi-CSI-PUCCH-ResourceList, or by higher layer parameters pucch-CSI-ResourceList, and where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order , and configured code rate 
· 



if , the PUCCH 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/SR and periodic/semi-persistent CSI report(s) in a respective PUCCH where the PUCCH uses PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource; 
· 





else the PUCCH uses 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/SR (if any) in ascending order of , where  is determined according to [6, TS 38.214], if , where ... 
--------------------------------------------------------------<End text proposal>---------------------------------------------------------------
UE procedure for multiplexing HARQ-ACK/SR and CSI
In RAN1 #92 meeting [1], it was agreed that when HARQ-ACK/SR and CSI PUCCH resources have the same starting symbols, one PUCCH resource is used for transmission of combined HARQ-ACK/SR and CSI bits. Further, it was agreed that if the UE is configured with more than one PUCCH resource sets, the PUCCH resource set is determined based on the total number of HARQ-ACK/SR and CSI bits. The PUCCH resource is determined based on ARI.

We can follow a similar approach of PUCCH resource determination to transmit combined HARQ-ACK/SR and CSI bits in case HARQ-ACK/SR transmission for a UE is configured with PUCCH resource using PUCCH format 2/3/4 with PUCCH-Fx-simultaneous-HARQ-ACK-CSI = TRUE (x being 2/3/4) and additionally, UE is semi-statically configured with CSI PUCCH resource with the same starting symbol, but with same or different formats. In that case, UE can select a PUCCH resource configured for HARQ-ACK/SR transmission from the multiple configured PUCCH resource sets for HARQ-ACK/SR transmission based on the total payload size of HARQ-ACK/SR and CSI bits and subsequently determine the PUCCH resource within the determined PUCCH resource set using ARI to transmit the combined HARQ-ACK/SR and CSI payload. UE shall apply dropping rules based on the payload carrying capacity of the determined PUCCH resource (i.e. if the capacity is less than the total combined payload to be transmitted) and the CSI report type (i.e. wideband or sub-band).

In case, when more than one CSI reports are configured with the same starting symbol as HARQ-ACK/SR transmission, the colliding CSI reports should be first combined into one single multi-CSI PUCCH resource and in the second step, collision between this combined CSI report and HARQ-ACK/SR should be handled, as per the following quoted agreement made in RAN1#92 meeting [1], which is missing in section 9.2.5.2 of TS 38.213 v15.0.1 [2]:

Agreement: 
· When multiple PUCCH-based CSI reports collide with HARQ-ACK/SR
· The colliding CSI reports are first managed according to the CSI only collision mechanism, (potentially multiplexing CSI reports on a multi-CSI PUCCH resource and applying associated dropping rules) outputting a single PUCCH resource carrying one or more CSI reports
· In the second step, collision between the CSI PUCCH resource and HARQ-ACK/SR collision is managed and CSI dropping/omission rules for PUSCH is applied


In this context, we suggest the following text proposal to be incorporated in section 9.2.5.2 of TS 38.213 to complete the spec.

Proposal 3 (handling of HARQ-ACK/SR and multiple CSI reports collision)
Adopt the following text proposal for section 9.2.5.2 of TS 38.213

--------------------------------------------------------------<Start text proposal>--------------------------------------------------------------
9.2.5	UE procedure for reporting multiple UCI types
9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR and CSI
(Unchanged part is omitted)

If a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in response to a PDCCH indicating SPS PDSCH release, and the UE has multiple wideband periodic/semi-persistent CSI reports [6, TS 38.214] to transmit in a PUCCH, the UE first combines multiple PUCCH based wideband periodic/semi-persistent CSI reports on a single multi-CSI PUCCH resource configured by higher layer parameters multi-CSI-PUCCH-ResourceList, as described above in Subclause 9.2.5.2. If a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in response to a PDCCH indicating SPS PDSCH release, and the UE has wideband periodic/semi-persistent CSI reports [6, TS 38.214] to transmit in a PUCCH, and the UE determines a PUCCH format 2 or a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR and the wideband periodic/semi-persistent CSI reports by determining a PUCCH resource set from the PUCCH resource configuration for HARQ-ACK transmission with  as described in Subclause 9.2.1 and Subclause 9.2.3, and PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE or PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE, respectively, where  is the total number of CSI bits which the UE selects for transmission in case that multiple PUCCH based wideband periodic/semi-persistent CSI reports are combined on a single multi-CSI PUCCH resource. A PUCCH resource within the determined PUCCH resource set is determined based on the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1 that the UE detects and for which UE transmits corresponding HARQ-ACK information in the PUCCH, as described in Subclause 9.2.3, where
· 



if , the UE shall transmit the HARQ-ACK/SR and periodic/semi-persistent CSI bits using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 by selecting the minimum number  of the  PRBs satisfying  as described in Subclauses 9.2.3 and 9.2.5.1;
· 








else, the UE selects  CSI report(s) for transmission together with HARQ-ACK/SR in ascending order of , where  is determined according to [6, TS 38.214]; the value of  satisfies  and  , where  is the number of CSI report bits for the  CSI report in ascending order of .




If a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in response to a SPS PDSCH release and  sub-band [6, TS 38.214] periodic/semi-persistent CSI reports to transmit in a PUCCH, the UE first combines multiple PUCCH based sub-band periodic/semi-persistent CSI reports on a single multi-CSI PUCCH resource configured by higher layer parameters multi-CSI-PUCCH-ResourceList, as described above in Subclause 9.2.5.2. If a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in response to a SPS PDSCH release and  sub-band [6, TS 38.214] periodic/semi-persistent CSI reports to transmit in a PUCCH, and the UE determines either a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR and the  sub-band periodic/semi-persistent CSI reports by determining a PUCCH resource set from the PUCCH resource configuration for HARQ-ACK transmission with  as described in Subclause 9.2.1 and Subclause 9.2.3, and PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE, respectively, where  is the total number of CSI bits which the UE selects for transmission in case multiple PUCCH based sub-band periodic/semi-persistent CSI reports are combined on a single multi-CSI PUCCH resource. A PUCCH resource within the determined PUCCH resource set is determined based on PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1 that the UE detects and for which UE transmits corresponding HARQ-ACK information in the PUCCH, as described in Subclause 9.2.3, where
…
(Unchanged part is omitted)
--------------------------------------------------------------<End text proposal>---------------------------------------------------------------
Conclusions
In this contribution, we discuss handling of collision between different UCI types on PUCCH and multiplexing of the UCI bits from various aspects. Based on the discussion, we summarize our proposals as follows.


Proposal 1 (for PUCCH format 3)
Adopt the following text proposal for section 9.2.5.1 of TS 38.213
--------------------------------------------------------------<Start text proposal>--------------------------------------------------------------
9.2.5	UE procedure for reporting multiple UCI types
9.2.5.1	UE procedure for multiplexing HARQ-ACK or CSI and SR
(Unchanged part is omitted)














If a UE transmits HARQ-ACK bits,  SR bits, and  CRC bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes  PRBs, the UE determines a number of PRBs  for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs provided respectively by higher layer parameter PUCCH-F2-number-of-PRBs or PUCCH-F3-number-of-PRBs and starts from the first PRB from the set of number of PRBs  for PUCCH format 2 or from the set of number of PRBs  for PUCCH format 3, that results to  and, if ,  , where , , , and  are defined in Subclause 9.2.5.2. If , the UE transmits the PUCCH over the  PRBs.
--------------------------------------------------------------<End text proposal>---------------------------------------------------------------

Proposal 2 (multi-CSI PUCCH resource configuration and dropping rule)
Adopt the following text proposal for section 9.2.5.2 of TS 38.213
--------------------------------------------------------------<Start text proposal>--------------------------------------------------------------
9.2.5	UE procedure for reporting multiple UCI types
9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR and CSI
In the following, a periodic/semi-persistent CSI transmission occasion from a UE is assumed to have a same first symbol as a HARQ-ACK/SR transmission from the UE as described in Subclause 9.2.5.1. For a single PUCCH based CSI report, a PUCCH resource for CSI report is determined from PUCCH resources configured by higher layer parameter pucch-CSI-ResourceList, and for the case of multiple transmission occasions of CSI reports with a same first symbol, a PUCCH resource is determined from PUCCH resources configured by higher layer parameter multi-CSI-PUCCH-ResourceList to convey the CSI reports.
For a UE transmitting a PUCCH using PUCCH format 2, PUCCH format 3, or PUCCH format 4 to convey HARQ-ACK/SR and periodic/ semi-persistent CSI reports
...
(Unchanged part is omitted)
then
· 




if the UE is configured with  PUCCH format 2 resources, or with  PUCCH format 3 resources, or with  PUCCH format 4 resources, as described in Subclause 9.2.1, which are configured either by higher layer parameters multi-CSI-PUCCH-ResourceList, or by higher layer parameters pucch-CSI-ResourceList, and where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order , and configured code rate 
· 



if , the PUCCH 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/SR and periodic/semi-persistent CSI report(s) in a respective PUCCH where the PUCCH uses PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource; 
· 





else the PUCCH uses 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/SR (if any) in ascending order of , where  is determined according to [6, TS 38.214], if , where ... 
--------------------------------------------------------------<End text proposal>---------------------------------------------------------------

Proposal 3 (handling of HARQ-ACK/SR and multiple CSI reports collision)
Adopt the following text proposal for section 9.2.5.2 of TS 38.213

--------------------------------------------------------------<Start text proposal>--------------------------------------------------------------
9.2.5	UE procedure for reporting multiple UCI types
9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR and CSI
(Unchanged part is omitted)

If a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in response to a PDCCH indicating SPS PDSCH release, and the UE has multiple wideband periodic/semi-persistent CSI reports [6, TS 38.214] to transmit in a PUCCH, the UE first combines multiple PUCCH based wideband periodic/semi-persistent CSI reports on a single multi-CSI PUCCH resource configured by higher layer parameters multi-CSI-PUCCH-ResourceList, as described above in Subclause 9.2.5.2. If a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in response to a PDCCH indicating SPS PDSCH release, and the UE has wideband periodic/semi-persistent CSI reports [6, TS 38.214] to transmit in a PUCCH, and the UE determines a PUCCH format 2 or a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR and the wideband periodic/semi-persistent CSI reports by determining a PUCCH resource set from the PUCCH resource configuration for HARQ-ACK transmission with  as described in Subclause 9.2.1 and Subclause 9.2.3, and PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE or PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE, respectively, where  is the total number of CSI bits which the UE selects for transmission in case that multiple PUCCH based wideband periodic/semi-persistent CSI reports are combined on a single multi-CSI PUCCH resource. A PUCCH resource within the determined PUCCH resource set is determined based on the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1 that the UE detects and for which UE transmits corresponding HARQ-ACK information in the PUCCH, as described in Subclause 9.2.3, where
· 



if , the UE shall transmit the HARQ-ACK/SR and periodic/semi-persistent CSI bits using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 by selecting the minimum number  of the  PRBs satisfying  as described in Subclauses 9.2.3 and 9.2.5.1;
· 








else, the UE selects  CSI report(s) for transmission together with HARQ-ACK/SR in ascending order of , where  is determined according to [6, TS 38.214]; the value of  satisfies  and  , where  is the number of CSI report bits for the  CSI report in ascending order of .




[bookmark: _GoBack]If a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in response to a SPS PDSCH release and  sub-band [6, TS 38.214] periodic/semi-persistent CSI reports to transmit in a PUCCH, the UE first combines multiple PUCCH based sub-band periodic/semi-persistent CSI reports on a single multi-CSI PUCCH resource configured by higher layer parameters multi-CSI-PUCCH-ResourceList, as described above in Subclause 9.2.5.2. If a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in response to a SPS PDSCH release and  sub-band [6, TS 38.214] periodic/semi-persistent CSI reports to transmit in a PUCCH, and the UE determines either a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR and the  sub-band periodic/semi-persistent CSI reports by determining a PUCCH resource set from the PUCCH resource configuration for HARQ-ACK transmission with  as described in Subclause 9.2.1 and Subclause 9.2.3, and PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE, respectively, where  is the total number of CSI bits which the UE selects for transmission in case multiple PUCCH based sub-band periodic/semi-persistent CSI reports are combined on a single multi-CSI PUCCH resource. A PUCCH resource within the determined PUCCH resource set is determined based on PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1 that the UE detects and for which UE transmits corresponding HARQ-ACK information in the PUCCH, as described in Subclause 9.2.3, where
…
(Unchanged part is omitted)
--------------------------------------------------------------<End text proposal>---------------------------------------------------------------
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