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1 Introduction
At the RAN1 #90bis meeting [1], the issue of simultaneous transmission of CSI feedback and HARQ-ACK bits (with or without SR) for PUCCH format 2 was discussed, and the relevant agreements were made as following: 
Agreements:

· Simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with PUCCH format 2 is supported by RRC configuration

· FFS details

· There is no additional RRC signaling involved in regarding how encoding is done for CSI/HARQ-ACK/SR

· Note that whether some UCI is dropped or not is not considered as part of the encoding in the above bullet

And the following agreements were reached on A-CSI [1]:
Agreement:
· For A-CSI on short PUCCH with single CSI report, down select from the following:

· Alt 1:
· The CSI report is triggered with CSI request field in DL-related DCI
· UE-specific or UE-group-specific DCI is to be discussed in control channel session
· PUCCH resource indicator field in DL-related DCI indicates the PUCCH resource for the triggered CSI report from a set of higher-layer configured PUCCH resources

· Alt 2:

· Use UE-specific UL-related DCI, CSI request field triggers a CSI report. It is indicated in the CSI Report Setting if PUCCH or PUSCH is used
· Alt 3:

· Use UE-specific UL-related DCI, indication on if PUCCH or PUSCH is used is determined by bit in DCI
This contribution discusses the remaining open issues of simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR for short PUCCH with more than 2bits UCI. 
2 Discussion
Simultaneous transmission of periodic CSI feedback and HARQ-ACK bits with /without SR 
When simultaneous transmission of CSI feedback and HARQ-ACK bits with /without SR is configured, the UE behavior should be specified to use either HARQ-ACK resource or CSI resource for transmission. There are two options for PUCCH transmission.

· Option a: The CSI feedback and HARQ-ACK bits with /without SR are transmitted on CSI resource.

In this case, if the UE misses the DL grant and not need to transmit HARQ-ACK feedback with/without SR, UE will only transmit the periodic CSI report on CSI resource. But gNB cannot be aware of the DL grant missing, and it will assume there are HARQ-ACK bits with/without SR on CSI resource, which is harmful for detection performance. 
· Option b: The CSI feedback and HARQ-ACK bits with /without SR are transmitted on HARQ-ACK resource.

For Option b, if the UE misses the DL grant and not transmits the HARQ-ACK feedback, UE will only transmit periodic CSI feedback on CSI resource. The gNB will detect DTX on HARQ-ACK resource, and then it goes to detect periodic CSI feedback on CSI resource. In this way, gNB and UE can avoid misunderstanding.
Proposal 1: Simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR are transmitted on HARQ-ACK resource.
Encoding of CSI feedback and HARQ-ACK bits with /without SR

For SR transmission with other UCI type, a simple way for implementation is to use 1 bit to denote SR and be appended to end of other type UCI bits and coding together as LTE scheme.
For encoding of CSI feedback and HARQ-ACK bits with/without SR, a proposed method is to coding them separately due to the higher requirements of detection error for HARQ-ACK. However, separate encoding should consider how to keep the same understanding of the number of encoded bits for CSI and HARQ-ACK bits with/without SR respectively, which may introduce complex signaling indication. Alternatively, the joint coding could be considered for simply implementation.  
When joint coding for CSI feedback and HARQ-ACK bits with/without SR, it is possible that there are too many UCI payload size when appending bits of HARQ-ACK with/without SR and the code rate may be larger than the maximum-coderate parameter configured by higher layer. In such case, UE may determine to drop some CSI bits. One way is that the HARQ-ACK bits with/without SR are appending on the end of CSI bits, and then drop the exceeding CSI bits from the start position. Or UE drop the exceeding CSI bits from the end of CSI bits and appending the HARQ-ACK bits with/without SR. The gNB could know whether there is HARQ-ACK transmission and which CSI bits are dropped.

Proposal 2: For simultaneous transmission of CSI feedback and HARQ-ACK bits with/without SR, the joint coding for all types of UCI is supported.
Proposal 3: For simultaneous transmission of CSI feedback and HARQ-ACK bits with/without SR, dropping some bits from the start or end of CSI bits can be supported.
A-CSI on short PUCCH
In LTE, A-CSI is only supported on PUSCH, so the UL-related DCI is used to trigger A-CSI on PUSCH. In NR, A-CSI is supported on short PUCCH, then how to trigger the A-CSI should be further considered. Three options were given in last meeting. 

For alt.1, DL-related DCI is used to trigger A-CSI, CSI request field in DCI indicate whether there is A-CSI on short PUCCH. If DCI triggers A-CSI and schedule the PDSCH transmission simultaneously, the HARQ-ACK corresponding to the PDSCH scheduled by the DCI and A-CSI can be transmitted on the same PUCCH resource. Since whether there is HARQ-ACK and A-CSI are indicated by one DCI, gNB and UE will not have misunderstanding on the number of feedback bits or the used resource.
The only issue is when the HARQ-ACK of multiple PDSCHs is multiplexed in one sPUCCH, the A-CSI triggering information in multiple DCIs scheduling the PDSCHs should be same. Otherwise, gNB and UE may have misunderstanding on whether feedback A-CSI information.

For alt.2 and alt.3, UL-related DCI is used to trigger A-CSI on PUCCH. If the UL-related DCI simultaneously schedule a PUSCH transmission and A-CSI, then A-CSI is rate-matching with UL data on PUSCH which is the same as LTE. If the UL-related DCI only schedule A-CSI, the timing between DCI and A-CSI and the resource for A-CSI should be indicated in DCI. The main issue is when A-CSI is simultaneous transmitted with HARQ-ACK without PUSCH, how to multiplexing A-CSI and HARQ-ACK on PUCCH, the following options can be considered:
· Option 1: simultaneous FDM transmission of PUCCH
· Option 2: joint coded or separate coded on HARQ-ACK resource, gNB and UE may have different understanding on used resource or the number of feedback bits when UE missed PDSCH or UL-related DCI

· Option 3: joint coded or separate coded on A-CSI resource, gNB and UE may have different understanding on used resource or the number of feedback bits when UE missed PDSCH or UL-related DCI

Generally speaking, none of the above options can solve the issue. For option1, simultaneous transmission is not supported for single carrier now, even if it is supported, not all UE can have the ability of transmitting multiple PUCCHs. For option 2 and option 3, the alignment between gNB and UE cannot be ensured. For example, in case that A-CSI and HARQ-ACK are jointly coded on HARQ-ACK resource, when UE missed the UL DCI triggering A-CSI, it will only feedback HARQ-ACK on HARQ-ACK resource, however, gNB still assumes UE will transmit both HARQ-ACK and A-CSI on HARQ-ACK resource.

Considering the simplicity and reliability of multiplexing HARQ-ACK and A-CSI on PUCCH, alt.1 by using DL-related DCI to trigger the A-CSI on PUCCH is more preferred.
Proposal 4: The A-CSI report should be triggered with CSI request field in DL-related DCI.
3  Conclusions
Based on the analysis we have the following proposals:
Proposal 1: Simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR are transmitted on HARQ-ACK resource.
Proposal 2: For simultaneous transmission of CSI feedback and HARQ-ACK bits with/without SR, the joint coding for all types of UCI is supported.
Proposal 3: For simultaneous transmission of CSI feedback and HARQ-ACK bits with/without SR, dropping some bits from the start or end of CSI bits can be supported.
Proposal 4: The A-CSI report should be triggered with CSI request field in DL-related DCI.
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