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1 Introduction
This contribution discusses some open issues regarding UCI transmission and also provides corrections to UCI feedback procedures in the current Rel-15 specification.
2 Discussion
2.1 UCI multiplexing on PUCCH 

2.1.1 HARQ-ACK overlapping with two time division multiplexed positive SR 
The case of HARQ-ACK/CSI overlapping with multiple SR configurations needs further consideration. Two agreements were made at the RAN1 #90 and #91 meeting, where at the time overlapping PUCCHs were assumed to have the same starting symbol. 
	Agreements: [RAN1 #90]

· In case of SR only, the physical layer can only transmit one SR at any given time

· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

Agreements: [RAN1 #90bis]
· In case of SR due at the same time with other UCI, the physical layer can only transmit one SR at any given time

· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2


The SR procedure in 38.321 Sec. 5.4.4 has the following note:

NOTE:      The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.

Our interpretation is that in case of overlapping PUCCHs for different SR configurations, the MAC instructs the PHY to send at most a single positive SR. However, there is no behaviour defined for non-overlapping SR configurations as shown in Figure 1 and indeed, positive SR can be triggered for both SR1 and SR2 from MAC layer. Then two positive SRs may be required to be multiplexed in one PUCCH resource according to the Step1 rule on overlapping PUCCHs for the scenarios depicted in Figure 1. That is, SR1, SR2 and HARQ-ACK should be multiplexed on one PUCCH resource by following Step1, which cannot be achieved by current UE behaviour since HARQ-ACK will be transmitted on SR resource with positive SR when PF1 are used for both HARQ-ACK and SR, which means HARQ-ACK may be transmitted both on SR1 and SR2 resource.
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Figure 1: HARQ-ACK/CSI overlapping with two SR PUCCHs corresponding to different SR configurations
Therefore, if we respect the RAN1 agreement that only a single positive SR can be indicated in a PUCCH, 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. The following options can be considered in RAN1:

· Opt 1: leave it to UE implementation to determine which SR is transmitted. 
· Opt 2: Selection rule to pick a certain SR, such as the first SR in time or the SR with lowest SR configuration index. 

If only the first SR or the SR with lower index can be selected with Opt2, it restricts the transmission opportunity of the other SR which however cannot help gNB to reduce the blind detection of SR since gNB cannot predict the SR state regardless whether there is rule for SR selection or not. For simplicity, we prefer Opt1, i.e. to leave to UE implementation. 
Proposal 1: 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. A correction to 38.213 section 9.2.5 is provided in the attached draft CR (Draft CR1_213).
2.1.2 SPS HARQ-ACK/SR multiplexing on CSI resource
In RAN1#90bis and 91 meetings, the following agreement was made for CSI dropping for the multiplexing of HARQ-ACK/SR and CSI. 
	Agreements in RAN1#90bis:
· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 2

· The HARQ-ACK/SR and CSI bits are jointly encoded.

· The number of CSI bits from the CSI report that can be appended to the HARQ-ACK/SR bits is determined such that the UCI bits appended by CRC are encoded with a code rate that does not exceed the maximum configured code rate for PUCCH Format 2. 

· If the coding rate exceeds the maximum configured code rate for PUCCH Format 2, the UE drops the CSI bits using the same priority rules for CSI omission as for CSI on PUSCH.

Agreements in RAN1#91:
· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 3 or 4

· The HARQ-ACK/SR and CSI Part 1 bits are jointly encoded. CSI Part 2 bits are separately encoded.

· The HARQ-ACK/SR and Part I of CSI reports are jointly encoded with the configured maximum code rate of the PUCCH Format 3 or 4.

· The remaining resources (if any) in the configured PRB are used for encoding of the CSI Part 2 report. Some or all of the CSI Part 2 bits can be dropped using the same priority rules for CSI omission as for CSI on PUSCH.


Based on the above agreements, it means CSI dropping is used for HARQ-ACK/SR and CSI multiplexing on PUCCH format 2/3/4 resource when the total UCI payload is larger than the capacity of the PUCCH resource. Notice that it is already supported in current 38.213 Subclause 9.2.5.2, to perform CSI dropping according to the priority defined in 38.214 when the total payload of multiple CSI reports and SPS HARQ-ACK and/or SR (if any) is larger than the multi-CSI resource with largest capacity within J multi-CSI resources, or when the total payload of CSI report(s) and dynamic HARQ-ACK/SR (if any) is larger than the capacity of the HARQ-ACK PUCCH resource. 

However CSI dropping is not currently described for a single-CSI report multiplexed with SPS HARQ-ACK and/or SR on a single-CSI PUCCH resource. In such case, at most 5 additional bits will be transmitted. These additional bits can be viewed as equivalent to another CSI report and it is possible that the coding rate is exceeded for the aggregate UCI payload depending on the configured number of RBs and/or symbols of the PUCCH resource. 
Although CSI dropping can be avoided by gNB configuring a PUCCH resource taking into account any additional bits due to SPS HARQ-ACK and/or multi-bit SR or the largest CSI payload associated with maximum RI value for part2 CSI, this may lead to a high overhead for CSI reporting. 
Notice 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. 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: 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. A correction to 38.213 Section 9.2.5.2 is provided in the attached draft CR (Draft CR1_213).
As it was agreed in RAN1#91 meeting, RB number determination method based on the total UCI bits can be used for UCI on PUCCH, and there is no restriction that such behavior is only used on HARQ-ACK PUCCH resource. 

	Agreement in RAN#91:

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.


Actually, there is no discussion that whether uses RB min determination for UCI transmission on CSI PUCCH resource, which includes CSI only transmission or multiplexing of SPS HARQ-ACK/SR and CSI on CSI PUCCH resource. On one hand, RB min determination may greatly degrade the performance of part2 CSI with higher RI value. This is because when there is part2 CSI, no matter how larger the PUCCH resource is configured/indicated by gNB, bits of part2 CSI associated with RI=1 will be used to determine the RB min at both UE and gNB sides, which will results in very large coding rate of part2 CSI when the real RI is larger than 1. On the other hand, RB min determination may have benefit to reduce PUCCH overhead for CSI without part2 (such as wideband CSI or only Part1 CSI) since there is always fixed feedback bits of such CSI which can be directly used for RB min determination at both UE and gNB sides. 
In 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 is not used for UCI transmission on CSI PUCCH resource. Actually with the above analysis, whether use RB min determination for UCI containing at least CSI generally depends on what type of CSI is configured, but not depends on which PUCCH resource is used for UCI transmission. 
Hence, at least we prefer 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. The better way is to support RB min determination for CSI without part2 case and not support RB min determination for CSI with part 2 CSI, which will introduce higher specification and implementation complexity as the cost. Alternatively, a unified solution can be defined for all types of CSI report. That is, add RB min determination for CSI only transmission and multiplexing of SPS HARQ-ACK/SR and CSI transmission on CSI resource if the performance impact on part2 CSI is acceptable, otherwise remove the RB min determination procedure for the multiplexing of HARQ-ACK and CSI on HARQ-ACK resource.
Proposal 3: 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. 
2.1.3 PUCCH selection rule within one slot 

Considering that we have CSI selection rule when there are multiple CSI reports within one slot, it is permitted in the current specification to configure more than two non-overlapping PUCCHs and/or more than one non-overlapping long PUCCH for carrying CSI reports within one slot. If such configuration is also permitted for SR, there can be more than two PUCCHs with positive SR and/or more than one long PUCCH with positive SR in non-overlapping SR occasions associated with different SR configurations within one slot, since MAC layer can trigger multiple positive SRs in non-overlapped occasions as discussed in section 2.1.1. In such case, SR selection rule should be considered to ensure at most two non-overlapping PUCCHs within one slot, and one selected PUCCH should be short PUCCH if two PUCCHs are selected. Similar reason as for multiple positive SR overlapping with HARQ-ACK/CSI, it can be up to UE implementation to select PUCCHs with positive SR. 
Proposal 4: 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. 
After the UCI multiplexing rule based on step1 for overlapped PUCCH resources, there may still be more than two non-overlapped PUCCHs carrying different types of UCI within one slot and /or more than one long PUCCH within one slot. PUCCH selection rule should be introduced to ensure at most two non-overlapped PUCCH within one slot, and one of the two selected PUCCH should be short PUCCH if two PUCCHs are selected. Generally, the following rules can be considered:
· Rule 1: PUCCH is selected according to priority of UCI carried on the PUCCH
· The UCI priority can be HARQ-ACK>SR>CSI (the CSI priority will be used for different CSI reports)
· Rule 2: PUCCH is selected according to starting symbol of the PUCCH

· PUCCH with earlier starting symbol will be selected

· Rule 3: Reselect one HARQ-ACK resource with short PUCCH format if there will be more than one long PUCCH in one slot
· Cannot solve the problem for all case, such as if there are one long PUCCH for CSI and one long PUCCH for SR without overlapping.
Since Rule 2 cannot ensure the important UCI transmission performance and Rule3 cannot solve more than two non-overlapped PUCCH issue, we prefer to adopt Rule 1.

Proposal 5: 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.
2.2 UCI multiplexing on PUSCH

2.2.1 Special cases where UCI cannot be multiplexed on PUSCH 
Based on the agreement in the last meeting as following, there still is an FFS case for PUCCH with HARQ-ACK overlapping with PUSCH with 4-symbol on each hop and DMRS on the last symbol of the first hop when frequency hopping is enabled, as the case1 shown in Figure 2. 
	Conclusion:

· It is clarified at least the following cases are error cases for Rel-15. How to handle the error cases is up to UE implementation.

· PUCCH overlaps with 1-symbol PUSCH 
· PUCCH overlaps with 2-symbol or 3-symbol PUSCH with frequency hopping enabled 
· HARQ-ACK on PUCCH overlaps with 4-symbol PUSCH with DMRS on the last symbol without frequency hopping enabled for PUSCH

· FFS the case of frequency hopping enabled – to conclude in RAN1#95

· No spec update is necessary for the above


The concerns for this case is because there are only UCI symbols on the second hop which cannot give frequency diversity for HARQ-ACK. Actually, a similar situation exists for PUSCH with 4 symbols on the 1st hop and 5 symbols on the 2nd hop with DMRS on the last symbol of the first hop when frequency hopping is enabled, shown as case2 in Figure 2. However, different from PUSCH with 3 symbols and frequency hopping, case 1 and case 2 may be typical PUSCH scheduling scenarios given that the total duration is quite substantial and there are more than one UCI symbols for HARQ-ACK transmission. Therefore, they cannot be considered as error cases from a scheduling perspective.

Proposal 6: It is not considered as an error case for PUCCH with HARQ-ACK overlapping with 8-symbol or 9-symbol PUSCH with DMRS on the last symbol on the first hop when frequency hopping is enabled for the PUSCH. 
In addition, we did find another scenario that cannot support HARQ-ACK on PUSCH, that is PUSCH with 5 symbols and DMRS on the last two symbols when frequency hopping is enabled. This case should be considered as an error case when it collides with PUCCH carrying HARQ-ACK.

Proposal 7: It is considered as an error case for PUCCH with HARQ-ACK overlaps with 5-symbol PUSCH with DMRS on the last two symbols when frequency hopping is not enabled for the PUSCH. 
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Figure 2 Illustration of a scenario where HARQ-ACK cannot be multiplexed on PUSCH
2.2.2 UCI resource determination for UCI on PUSCH with FH

If frequency hopping is enabled for PUSCH and UCI is multiplexed with UL-SCH, the number of UCI modulation symbols, N, is divided into two parts, where the first part has floor (N/2) symbols and the second part has ceil (N/2) symbols. The issue is there may not be enough REs for HARQ-ACK in the first hop in some cases. An example is shown in Case 1 of Figure 3 for a PUSCH with 5 symbols per hop. Since HARQ-ACK cannot be mapped to REs before the first DMRS symbol, there are not enough REs for half of the HARQ-ACK modulation symbols in the first hop but according to the current specification, half of the HARQ-ACK modulation symbols will always be allocated in each hop. The extreme case is that there is no resource for HARQ-ACK on the first hop when the DMRS is on the last symbol of the first hop. Similar issues for CSI partition between each hop.
Proposal 8: For UCI on PUSCH with UL-SCH and frequency hopping, the upper bound of RE resources in each hop should be considered in UCI partition rule for UCI on PUSCH with UL-SCH. A correction to 38.212 is provided in the attached draft CR (Draft CR3_212).
Similarly, for both PUSCH with UL-SCH and PUSCH without UL-SCH, when frequency hopping is enabled, there is an unbalanced number of REs for CSI in each hop. Based on current partition rule for CSI in each hop, half of CSI modulation symbols will be always allocated in the first hop firstly and the remaining CSI modulation symbols are transmitted in the second hop without considering which hop is resource limited for CSI. The issue is that the available REs in the second hop may be not enough to carry half of or the remaining CSI modulation symbols since the resource for CSI in the second hop is less than that in the first hop. An example is shown in Case 2 of Figure 3 for a PUSCH with 5 symbols per hop. If CSI has 64 modulation symbols to be mapped, 32 modulation symbols of CSI will be allocated to each hop. In the first hop, 36 REs are available for CSI while in the second hop only 28 REs are available for CSI. Even when an upper bound defined as the available RE for CSI in each hop is introduced in the partition equation, such problem still exists. To solve the issue, we can firstly determine which hop has fewer REs for CSI transmission, it means the hop could be resource-limited, and determine the resources for CSI in the hop with limited resources. Secondly determine the resources for CSI in the other hop according to the remaining CSI bits. This partition can be used for both part1 CSI/wideband CSI and part2 CSI.
Proposal 9: For UCI on PUSCH with frequency hopping, UCI should be first allocated to the hop with limited resources and then the remaining UCI is allocated to the other hop. A correction to 38.212 is provided in the attached draft CR (Draft CR3_212).
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Figure 3 HARQ-ACK on 10-symbol PUSCH with frequency hopping
2.2.3 Null A-CSI report overlap with other UL channels
As it was discussed in the last meeting, a dummy/null A-CSI report without UL-SCH can be triggered with A-CSI-RS and with the report set to NULL (i.e. reportQuantity = none). From the use cases of such A-CSI triggering, we believe that there is no need for UE to send such PUSCH with dummy/null A-CSI report, since the intention of sending such UL grant with A-CSI triggering is to trigger UE to perform some measurement but does not mean gNB expects a transmission from the UE. Therefore, the PUSCH should not be transmitted. 

For the other parameters in the UL grant, such as the TPC and UL DAI, it is also an open issue whether the UE should apply these parameters even though it does not transmit the PUSCH associated with the UL grant. Notice that when UL DAI is used to determine the codebook size on PUCCH, it means there may be different codebook sizes depending on whether the UE received such UL grant or missed it. To prevent this ambiguity due to missing UL grant, it is preferable that the UE does not apply the UL DAI to determine HARQ-ACK codebook. For the TPC indication, it may be possible to apply the TPC command even though a PUSCH is not transmitted. This would be similar to a UE receiving TPC commands in a group-common PDCCH. However, at this stage of the Rel-15 specifications it is not preferable to introduce yet another method for signaling TPC commands and so we have a slight preference not to make use of any other fields in the DCI indicating a null A-CSI report.
Proposal 10: If a UE receives a DCI format 0_1 with “UL-SCH indicator=0” and “A-CSI trigger” triggering a A-CSI report with “reportQuantity = none”, the UE neither transmits a PUSCH nor applies the TPC command or UL DAI  for PUCCH transmission.

3 Conclusions
This contribution addressed a number of open issues regarding UCI transmission with the following proposals. The corresponding text proposals are provided throughout several separate documents. 
Proposal 1: 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. A correction to 38.213 section 9.2.5 is provided in the attached draft CR (Draft CR1_213).
Proposal 2: 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. A correction to 38.213 section 9.2.5.2 is provided in the attached draft CR (Draft CR1_213).
Proposal 3: 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.
Proposal 4: 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 5: 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 6: It is not considered as an error case for PUCCH with HARQ-ACK overlapping with 8-symbol or 9-symbol PUSCH with DMRS on the last symbol on the first hop when frequency hopping is enabled for the PUSCH. 
Proposal 7: It is considered as an error case for PUCCH with HARQ-ACK overlaps with 5-symbol PUSCH with DMRS on the last two symbols when frequency hopping is not enabled for the PUSCH. 
Proposal 8: For UCI on PUSCH with UL-SCH and frequency hopping, the upper bound of RE resources in each hop should be considered in UCI partition rule for UCI on PUSCH with UL-SCH. A correction to 38.212 is provided in the attached draft CR (Draft CR3_212).

Proposal 9: For UCI on PUSCH with frequency hopping, UCI should be first allocated to the hop with limited resources and then the remaining UCI is allocated to the other hop. A correction to 38.212 is provided in the attached draft CR (Draft CR3_212).
Proposal 10: When UE received a DCI format 0_1 with “UL-SCH indicator=0” and “A-CSI trigger” triggering a A-CSI report with “reportQuantity = none”, PUSCH associated with such DCI format 0_1 should not be transmitted, and the TCP and DAI filed in such DCI format 0_1 should be not used for PUCCH transmission.
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