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Introduction 
In this contribution, we provide a text proposal to complete the specifications on the UCI multiplexing for cases that HARQ-ACK with a corresponding PDCCH and multiple CSI reports collide in a slot. Due to somewhat conflicting RAN1 agreements made for the case, the corresponding specification is not fully completed and the editor of TS 38.213 suggested to resolve in this RAN1#93 meeting.  

UE procedure for reporting multiple UCI types
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:
· 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

In RAN1 #92 meeting [1] meeting, 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. 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). In addition, UE is semi-statically configured with CSI PUCCH resource with the same starting symbol, but 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 agreement made in RAN1#92 meeting [1], which is missing in section 9.2.5.2 of TS 38.213 v 15.0.1 [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

One potentially conflicting agreement from the above approach is the one made in RAN1#91, captured below:

Agreements:
· The number of PRBs used to transmit a PUCCH Format 2 or 3 or 4 is determined by the total number of UCI bits and the configured max coding rate for PUCCH Format 2 or 3 or 4, upper bounded by the configured number of PRBs.

If we strictly interpret the above agreement, even in cases of multiple CSI reports the number of PRBs used to convey the combined UCI takes into account the total number of UCI bits without dropping any CSI report based on priority order. In this case, the PUCCH resources provided by higher layer parameter multi-CSI-PUCCH-ResourceList are not used and the procedure to combine the multiple CSI reports into a single combined CSI report with possibly dropping some CSI reports based on priority order does not need to be performed. This approach seems to incur less impact on the current specifications, be easier for the implementations thanks to simplified procedure, and ensure to transmit as many CSI bits as possible compared to applying the priority based dropping before combining with the HARQ-ACK bits. 

However, overall, difference between the two approaches is not significant and we do not have a strong preference one way or the other. The following text proposal for the latest 38.213 [2] is provided for cases that PUCCH resources provided by higher layer parameter multi-CSI-PUCCH-ResourceList are used to make a combined CSI report before combining with HARQ-ACK bits when HARQ-ACK with a corresponding PDCCH and multiple CSI reports collide in a slot. 

--------------------------------------------------------------<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

-	the UE determines a resource for a PUCCH format 2 or a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR, by determining a PUCCH resource indicated by the PUCCH resource indicator field from the PUCCH resource configuration for HARQ-ACK transmission [5, TS 38.212] in the last DCI format 1_0 or DCI format 1_1 that the UE detects with  as described in Subclause 9.2.1 and Subclause 9.2.3, and simultaneousHARQ-ACK-CSI= TRUE, 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,




-	if , the UE transmits the HARQ-ACK/SR and periodic/semi-persistent CSI bits using either 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 priority order using either PUCCH format 2, or PUCCH format 3, or PUCCH format 4, where  the value of  satisfies  and , where  is the number of CSI report bits for the  CSI report in ascending priority order of,  is a number of CRC bits corresponding to  UCI bits, and  is a number of CRC bits corresponding to  UCI bits.

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 PUCH 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 

-	the UE has  sub-band [6, TS 38.214] periodic/semi-persistent CSI reports to transmit in a PUCCH; and 


-	the UE determines a resource for 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 indicated by the PUCCH resource indicator field from the PUCCH resource configuration for HARQ-ACK transmission [5, TS 38.212] in the last DCI format 1_0 or DCI format 1_1 the UE detects with  as described in Subclause 9.2.1 and Subclause 9.2.3, and simultaneousHARQ-ACK-CSI = TRUE, 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.
…
(Unchanged part is omitted)
--------------------------------------------------------------<End text proposal>---------------------------------------------------------------

Conclusions
[bookmark: _GoBack]In this contribution, we have discussed and compared the procedures to multiplex UCIs when HARQ-ACK with a corresponding PDCCH and multiple CSI reports collide in a slot, which was not resolved in the latest RAN1 email discussion. The provided text proposal is for cases that PUCCH resources provided by higher layer parameter multi-CSI-PUCCH-ResourceList are used to make a combined CSI report before multiplexing with HARQ-ACK bits when HARQ-ACK with a corresponding PDCCH and multiple CSI reports collide in a slot, as agreed in the RAN1#92 meeting. 
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