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1. Introduction
In this contribution, we address the maintenance of PUCCH for Rel-15.
2. Discussions
At the last meeting, two points in feature lead summary [1] were announced to revisit in RAN1#95 meeting as follows [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

2.5/2.8 of R1-1812021 – to revisit in RAN1#95


2.1. Undesirable case of UCI multiplexing on PUSCH
As shown in the above, still there is no agreement/conclusion regarding the case of frequency hopping enabled. i.e., the case that HARQ-ACK on PUCCH overlaps with 8 or 9-symbol PUSCH with mapping type A, dmrs-TypeA-Position = 3, and frequency hopping enabled is FFS (issue 1). In this case, HARQ-ACK cannot be mapped on the first hop only since HARQ-ACK is mapped on later symbol than DMRS but there is no symbol after DMRS in the first hop. In addition, there is a few undesirable mapping cases in 0-2 bit HARQ-ACK and CSI on PUSCH without UL-SCH with frequency hopping (issue 2), which some companies suggested to avoid at the last meeting. Some REs are reserved for 0-2 bit HARQ-ACK and CSI-part 1 is not mapped on the REs. That is, CSI part 1 is mapped on the remaining REs. Then, when values of modulation order, no. of layer, etc. are specific combinations, the number of the remaining REs in second hop is less than CSI part 1 bits that would be mapped on the second hop. At the same time, some reserved REs are not allocated for any UCI. Note that the above two issues are described in detail in the feature lead summary [1].
Exactly, the above two cases seem to be strange configurations and some CR may be able to solve the issues. However, we feel that CR to solve the two issues is “nice to have”; that is, it is not essential. If mapping rule is modified, we prefer changing whole rule since there are many error cases in current spec but it is not allowed due to too late timing. These cases should be aligned with the stance for CR phase. Therefore, these cases can be error configurations. 
According to the above discussions, our proposal is the following.
Proposal 1:
· CR is not necessary for the following case. These cases are concluded as error configurations.
· HARQ-ACK on PUCCH overlaps with 8 or 9-symbol PUSCH with mapping type A, dmrs-TypeA-Position = 3, and frequency hopping enabled.
· The number of the remaining REs in second hop is less than CSI part 1 bits that would be mapped on the second hop in the case of 0-2 bit HARQ-ACK and CSI on PUSCH without UL-SCH with frequency hopping.

2.2. Collision between PUCCH and A-CSI on PUSCH with reportQuantity = ‘none’ without UL-SCH
In NR Rel-15 spec., one of reportQuantity types is ‘none’, which means that no CSI reporting contents are transmitted in the triggered PUSCH. When UL-SCH indicator in the DCI triggering A-CSI on PUSCH with reportQuantity = ‘none’ is set to zero, neither UL-SCH nor A-CSI report is transmitted on the PUSCH. In this case, the PUSCH is transmitted for A-CSI-RS/A-TRS only. For the collision case between PUCCH and the A-CSI on PUSCH with reportQuantity = ‘none’ without UL-SCH, we think current spec. is perfectly clear. i.e., HARQ-ACK in the PUCCH is piggybacked on the PUSCH but P/SP-CSI in the PUCCH is dropped based on CSI priority rule. However, around the final day of the last meeting, UE behaviour modification was suggested to be discussed. In the collision case, the proposal is to drop the PUSCH and the original PUCCH is transmitted. 
Exactly, if the original PUCCH can be transmitted, P/SP-CSI is not dropped. However, of course P/SP-CSI reporting is transmitted periodically. gNB can avoid such collision if P/SP-CSI is necessary. Anyway, the modification seems not to be essential. It is noted that such UCI on PUSCH without A-CSI and UL-SCH is useful in the system that assumes only ‘UCI on PUSCH’; that is, UCI is not transmitted on PUCCH always. If A-CSI does not need to be reported, HARQ-ACK can be reported on the PUSCH without wasted information.
According to the above discussions, we propose the following.
Proposal 2:
· CR is not necessary for the following case. The case is not error configuration.
· Collision between PUCCH and A-CSI on PUSCH with reportQuantity = ‘none’ without UL-SCH

2.3. Clarification of collision between multi-PUSCH and single-slot CSI on PUCCH
The current specification 38.213 [3] describes collision handling between multi-slot PUSCH and single-slot HARQ-ACK on PUCCH. However, we cannot find handling rule for collision between multi-slot PUSCH and single-slot CSI on PUCCH. We have agreed that both HARQ-ACK and CSI in single-slot PUCCH colliding multi-slot PUSCH is piggybacked on the PUSCH in the colliding slot.
Proposal 3:
· Apply CR to 38.213 to clarify that CSI in single-slot PUCCH colliding multi-slot PUSCH is piggybacked on the PUSCH at the colliding slot.

2.4. Clarification of multiplexing target when one PUCCH overlaps multiple PUSCHs
The current specification 38.213 [1] describes collision handling rules as follows.
	[bookmark: _Toc517265052][bookmark: _GoBack]9	UE procedure for reporting control information
[…]
If a UE 
-	would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and 
-	the PUSCH and PUCCH transmissions fulfill the conditions in Subclause 9.2.5 for UCI multiplexing, 
the UE 
-	multiplexes only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reports in the PUSCH
-	multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CSI reports in the PUSCH



A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if . 
A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHs that are scheduled by DCI format(s) 0_0 or DCI format(s) 0_1 and second PUSCHs configured by respectives ConfiguredGrantConfig or semiPersistentOnPUSCH, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Subclause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot.
[…]


At the last paragraph in the above, which PUSCH UCI is piggybacked on is described when a PUCCH including the UCI is overlapped with multiple PUSCHs and A-CSI is not included in any of the multiple PUSCHs. On the other hand, it seems that there are no descriptions of UE behaviour when a PUCCH including the UCI is overlapped with multiple PUSCHs and A-CSI is included in one of the multiple PUSCHs. Unless clarification of which PUSCH UCI is piggybacked on in this case is introduced, gNB and UE may have different understanding and gNB fails to decode UCI and UL-SCH. Such ambiguity should be avoided.
Proposal 4:
· Apply CR to 38.213 to clarify collision handling rule for PUCCH and multiple PUSCHs, where one of the multiple PUSCHs include A-CSI report.

3. Conclusion
In this contribution, we discussed the remaining issues on NR-Rel-15 PUCCH and proposed the following:
Proposal 1:
· CR is not necessary for the following case. These cases are concluded as error configurations.
· HARQ-ACK on PUCCH overlaps with 8 or 9-symbol PUSCH with mapping type A, dmrs-TypeA-Position = 3, and frequency hopping enabled.
Proposal 2:
· CR is not necessary for the following case. The case is not error configuration.
· Collision between PUCCH and A-CSI on PUSCH with reportQuantity = ‘none’ without UL-SCH
Proposal 3:
· Apply CR to 38.213 to clarify that CSI in single-slot PUCCH colliding multi-slot PUSCH is piggybacked on the PUSCH at the colliding slot.
Proposal 4:
· Apply CR to 38.213 to clarify collision handling rule for PUCCH and multiple PUSCHs, where one of the multiple PUSCHs include A-CSI report.
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