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Introduction
[bookmark: _GoBack]The Rel-16 eURLLC was finished in the last meeting. In this contribution, we will discuss one issue about UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH. The main point is about SPS HARQ-ACK/SR multiplexing with CSI in a PUCCH.
Discussion
If HARQ-ACK/SR in response to a PDSCH reception without a corresponding PDCCH is to be transmitted with one or more CSI reports in a PUCCH, the UE procedure for multiplexing the HARQ-ACK/SR/CSI is captured in TS 38.213 section 9.2.5.2 [1] as following:
	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 any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with [image: ] PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order [image: ], and configured code rate [image: ];
-	if [image: ], the UE uses PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ]
-	else if [image: ] and [image: ], [image: ], 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 [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] 
-	else the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] and the UE selects [image: ] 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] 
[bookmark: _Hlk534904159]-	else, the UE transmits the [image: ] bits in a PUCCH resource provided by pucch-CSI-ResourceList and determined as described in Clause 9.2.5.



For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK) and multiple PUCCH resources are configured, the actual number of PRBs for the PUCCH to be used among PUCCH resources is determined based on HARQ-ACK payload size. Then the actual used number of PRBs  for the PUCCH transmission of SPS HARQ-ACK could be smaller than the configured number of PRBs for the PUCCH, . 
On the other hand, all the configured  PRBs would be used in a PUCCH configured for CSI.
Observation 1: For a PUCCH configured for CSI, all the configured  PRBs would be used. For a PUCCH configured for HARQ-ACK, the actual used number of PRBs  for the PUCCH transmission is determined based on HARQ-ACK payload size and could be smaller than the configured  PRBs.
Consequently, the actual used number of PRBs in a PUCCH configured for HARQ-ACK is more flexible and efficient than in a PUCCH configured for CSI. If only one SPS configuration is used and multi-CSI-PUCCH-ResourceList is configured for the UE, multiplexing the HARQ-ACK bits in the PUCCH configured for CSI would not impact the CSI transmission much due to the number of HARQ-ACK bits to a PDSCH reception without a corresponding PDCCH is up to 2.
However, since multiple SPS configuration could be used for one UE in Rel.16, there may be more HARQ-ACK/SR bits in response to a PDSCH reception without a corresponding PDCCH to be transmitted together with CSI. If the gNB considers some SPS HARQ-ACK bits are possible to be transmitted together with CSI when configuring PUCCH resource for CSI, some PUCCH resource would be over provisioned since all the  PRBs configured for the PUCCH of CSI would be used while the payload of SPS HARQ-ACK may vary according to the activation/deactivation, periodicity, and etc.
To our opinion, when HARQ-ACK/SR in response to a PDSCH reception(s) without corresponding PDCCH(s) is to be transmitted with one or more CSI reports in a PUCCH, and multi-CSI-PUCCH-ResourceList is configured, if the bit width of HARQ-ACK/SR is no more than 2bits, one PUCCH configured in multi-CSI-PUCCH-ResourceList could be used. Otherwise, if the bit width of HARQ-ACK/SR is more than 2bits, one PUCCH configured for SPS HARQ-ACK feedback is to be used to get more efficiency and satisfy the requirements of reliability and latency in URLLC.
Proposal 1: If HARQ-ACK/SR in response to PDSCH reception(s) without corresponding PDCCH(s) is to be transmitted with one or more CSI reports in a PUCCH, and multi-CSI-PUCCH-ResourceList is configured,
· When the bit width of HARQ-ACK/SR is no more than 2bits, one PUCCH configured in multi-CSI-PUCCH-ResourceList is used to transmit the HARQ-ACK/SR and CSI. 
· When the bit width of HARQ-ACK/SR is more than 2bits, one PUCCH configured for the SPS configurations is used to transmit the HARQ-ACK/SR and CSI. 
Proposal 2: Endorse the following text proposal for 9.2.5.2 of 38.213 about to SPS HARQ-ACK/SR multiplexing with CSI in a PUCCH.
	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(s) without a corresponding PDCCH(s),
-  if the bit size of the HARQ-ACK/SR is no more than 2, 
-	if any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with [image: ] PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order [image: ], and configured code rate [image: ];
-	if [image: ], the UE uses PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ]
-	else if [image: ] and [image: ], [image: ], 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 [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] 
-	else the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] and the UE selects [image: ] 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 [image: ] bits in a PUCCH resource provided by pucch-CSI-ResourceList and determined as described in Clause 9.2.5.
-  else the UE transmits the [image: ] bits as described in Clause 9.2.5.


Conclusion
In this contribution, we discussed the issue of SPS HARQ-ACK/SR multiplexing with CSI in a PUCCH. The following observation and proposals are reached:
Observation 1: For a PUCCH configured for CSI, all the configured  PRBs would be used. For a PUCCH configured for HARQ-ACK, the actual used number of PRBs  for the PUCCH transmission is determined based on HARQ-ACK payload size and could be smaller than the configured  PRBs.
Proposal 1: If HARQ-ACK/SR in response to PDSCH reception(s) without corresponding PDCCH(s) is to be transmitted with one or more CSI reports in a PUCCH, and multi-CSI-PUCCH-ResourceList is configured,
· When the bit width of HARQ-ACK/SR is no more than 2bits, one PUCCH configured in multi-CSI-PUCCH-ResourceList is used to transmit the HARQ-ACK/SR and CSI. 
· When the bit width of HARQ-ACK/SR is more than 2bits, one PUCCH configured for the SPS configurations is used to transmit the HARQ-ACK/SR and CSI. 
Proposal 2: Endorse the following text proposal for 9.2.5.2 of 38.213 about to SPS HARQ-ACK/SR multiplexing with CSI in a PUCCH.
	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(s) without a corresponding PDCCH(s),
-  if the bit size of the HARQ-ACK/SR is no more than 2, 
-	if any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with [image: ] PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order [image: ], and configured code rate [image: ];
-	if [image: ], the UE uses PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ]
-	else if [image: ] and [image: ], [image: ], 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 [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] 
-	else the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] and the UE selects [image: ] 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 [image: ] bits in a PUCCH resource provided by pucch-CSI-ResourceList and determined as described in Clause 9.2.5.
-  else the UE transmits the [image: ] bits as described in Clause 9.2.5.
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