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1. Introduction
In this contribution, we address the remaining issues of PUCCH structure in short-duration.
2. Collision handling between multiple PUCCHs for HARQ-ACK
In previous meetings, we had a lot of discussions for collision handling such as between PUCCH for HARQ-ACK/SR and PUCCH CSI. Still there are remaining issues for the collision handling, but in addition collision handling between multiple PUCCHs for HARQ-ACK transmissions, which is not considered so far.
Basically, multiple HARQ-ACKs are reported on the same PUCCH resource as one HARQ-ACK codebook. Still there is ambiguity in TS 38.213 to report HARQ-ACKs based on the last DCI, but we believe the following interpretation is straightforward for Rel-15 Dec. drop:
[bookmark: _GoBack]If PDSCH-to-HARQ-timing-indicator fields in multiple DCIs indicate the same slot, the corresponding HARQ-ACKs are handled as one HARQ-ACK codebook and reported on the same PUCCH resource. The last DCI means that the last DCI among the DCIs indicating the same slot for HARQ-ACK feedback, the PUCCH resource indicator filed in the last DCI determines the PUCCH resource.
Thus, it seems that there is no overlap between multiple PUCCHs for HARQ-ACK. (Figure 1 describes the above interpretation of PUCCH resource determination for HARQ-ACK and please see [1] for the details.)
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Figure 1: PUCCH resource determination for HARQ-ACK
However, the collision between multiple PUCCHs for HARQ-ACK occur in PUCCH repetition. Figure 2 provides an example for the overlapping case. In this figure, we have two PDSCH and each DCI indicates different slot for HARQ-ACK transmission. Then, the two HARQ-ACKs are dealt with different codebook, and transmitted on each PUCCH resource indicated by the PDSCH scheduling DCI. Here, we consider repetition is configured by higher layer parameter. UE repeats the two PUCCH transmissions, hence the two PUCCHs for HARQ-ACK are overlapped in not all but some slots. The current specification has no descriptions of collision handling such as the above case. Any collision handling method for multiple PUCCHs for HARQ-ACK should be discussed and defined for NR Rel-15. In brief considerations, it is feasible that all of the HARQ-ACKs are multiplexed on the PUCCH resource based on the ARI in the last DCI among DCIs indicating the overlapping PUCCH transmissions. Some other collision handling manners can consider and work, but the above manner is straightforward because aligned with the handling method for single-slot HARQ-ACK transmission.
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Figure 2: Collision between multiple PUCCHs for HARQ-ACK report
Proposal 1:
· Collision handling should consider multiple PUCCH transmissions for HARQ-ACK.
· If multiple PUCCHs for HARQ-ACK are overlapped, all of the HARQ-ACKs are multiplexed on the PUCCH resource indicated by ARI in the last DCI among all DCIs indicating the PUCCH transmissions.

3. Remaining issues on collision handling
HARQ-ACK/SR + CSI
In the last RAN1 meeting [2], there are the following discussions for short PUCCH.
	Proposals
· When HARQ-ACK/SR PUCCH resource determined by ARI and configured CSI PUCCH resources have the same starting symbols in a slot, if the UE is configured with only one PUCCH resource set and simultaneous transmission of HARQ-ACK/SR and CSI is enabled, select from one of the following alternatives:
· Alt 1: The UE is not expected to transmit the corresponding HARQ-ACK/SR and the CSI report in a PUCCH resource in that slot.
· Supportive companies:  E//, Intel, OPPO, QC, HW, Samsung, Panasonic
· Alt 2: HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI
· Supportive companies:  Nokia, MTK, Lenovo, Motorola, ZTE, CATT, DCM
· Alt 3: HARQ-ACK/SR is transmitted on the HARQ-ACK/SR PUCCH resource and CSI reporting is dropped in that slot.
· Supportive companies: LG, Vivo
Discuss further till next meeting


We have three alternatives, and our preference is still Alt 2. In Alt 1, latency performance degrades while UE complexity does not increase. If there is little occasion for uplink transmissions and P-CSI reporting is configured, HARQ-ACK/SR cannot be transmitted for a long time. Such restriction should be avoided for NR Rel-15 focusing on low latency. Alt 2 can achieve lower latency that Alt 1. CSI PUCCH resource will have enough capacity to transmit both of HARQ-ACK/SR and CSI, regardless of the no. of PUCCH resource sets. Even if capacity is not enough, a part of CSI payload can be dropped. Thus, Alt 2 is much better for NR Rel-15. If some companies have strong concern for Alt 2 from the UE complexity aspect, Alt 3 can be supported, which is an compromised alternative between Alt 1 and Alt 2.
Proposal 2:
· When HARQ-ACK/SR PUCCH resource determined by ARI and configured CSI PUCCH resources have the same starting symbols in a slot, if the UE is configured with only one PUCCH resource set and simultaneous transmission of HARQ-ACK/SR and CSI is enabled, HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI.
HARQ-ACK PF0 + Multiple SR occasions
In offline discussions at the last RAN1 meeting [3], there are the following discussions for short PUCCH.
	Proposals:
· Select one of the following alternatives:
· Alt 1: If a UCI transmission on a PUCH format 0 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K=2 configured SR PUCCH resources, the HARQ-ACK resource is used for transmission of HARQ-ACK and SR.
· The initial CS of the HARQ-ACK PUCCH resource is increased by one or two, respectively, if SR corresponding to the highest or the second highest priority configured SR ID is positive.
· If K>2, two configured SR resources with the highest priority are considered.
· Alt 2: When ACK/NACK transmission using PUCCH format 0 overlaps in time with K occasions for SR transmission each configured to use PUCCH format 0, logical “OR” over all K SR processes is indicated together with ACK/NACK on the HARQ-ACK/SR PUCCH format 0 resources.
· Alt 3: PUCCH format 2 is used to carry L = 1 or 2 bits HARQ-ACK and K > 1 SR. That implies when a UE has K SRs configured in a same time position
· For 1 or 2 bits HARQ-ACK, if K = 0 or 1, ARI field in DCI indicates PUCCH format 0 , otherwise, ARI field in DCI indicates PUCCH format 2.


We have two alternatives, and our preference is Alt 3. Alt 1 and 2 use PF0 with increase of the number of used initial CS, which results in degradation of the detection performance. Adjacent initial CS among the used initial CS indices becomes closer. Additionally, form the other aspect, the number of multiplexed user is reduced in Alt 1 and Alt 2. PF0 can multiplex three users for one-bit HARQ-ACK/SR or two users for two-bits HARQ-ACK/SR and one-bit HARQ-ACK/SR. However, if Alt 1 or Alt 2 is supported, one user uses more initial CS. On the other hand, Alt 3 can multiplex HARQ-ACK + SR without any disadvantage. For forward compatibility, Alt 3 can support multiple SRs transmission as well. Thus, Alt 3 is better solution than Alt 1 and Alt 2.
Proposal 3:
· When HARQ-ACK with PF0 is overlapped with multiple SR occasions, PUCCH format 2 is used to carry L = 1 or 2 bits HARQ-ACK and K > 1 SR. That implies when a UE has K SRs configured in a same time position.
· For 1 or 2 bits HARQ-ACK, if K = 0 or 1, ARI field in DCI indicates PUCCH format 0 , otherwise, ARI field in DCI indicates PUCCH format 2.

HARQ-ACK PF1 + Multiple SR occasions
In the last RAN1 meeting [2], there are the following discussions for short PUCCH.
	Proposals:
· Select one of the following two alternatives:
· Alt 1: If a HARQ-ACK transmission from a UE using PUCCH format 1 determined by ARI overlaps with K SR occasions each using PUCCH format 1, in case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource. In case of positive SR, the HARQ-ACK is transmitted on the SR resource corresponding to the positive SR.
· Supportive companies: Nokia, E//, CATT, LG, DCM, HW, Vivo, Panasonic, DCM
· Alt 2: PUCCH format 2 or 3 or 4 is used to carry L = 1 or 2 bits HARQ-ACK and K > 1 SR.  That implies when a UE has K SRs configured in a same time position, 
· For 1 or 2 bits HARQ-ACK, if K=0 or 1, ARI field in DCI indicates PUCCH format 0 or 1; otherwise, ARI field in DCI indicates PUCCH format 2 or 3 or 4.
· Supportive companies: Samsung, ZTE
Discuss till next meeting


We have two alternatives, and our preference is Alt 2. It seems that both two alternatives can work. For overlap between HARQ-ACK PF0 and multiple SR occasions, the same manner as Alt 2 should be supported as discussed above, hence it is feasible to support Alt 2 for overlap between HARQ-ACK PF1 and multiple SR occasions. The same collision handling can get UE implementation easier.
Proposal 4:
· When HARQ-ACK with PF1 is overlapped with multiple SR occasions, PUCCH format 2 is used to carry L = 1 or 2 bits HARQ-ACK and K > 1 SR. That implies when a UE has K SRs configured in a same time position.
· For 1 or 2 bits HARQ-ACK, if K = 0 or 1, ARI field in DCI indicates PUCCH format 0 , otherwise, ARI field in DCI indicates PUCCH format 2.

4. HARQ-ACK bit mapping for PF0/PF1
In RAN1 #92, some discussion was made whether HARQ-ACK bit mapping for PF0/PF1 should be changed or not. The discussion was for the case of 2-bit is came from 2 PDCCH, miss understanding for HARQ-ACK bit mapping between UE and gNB may be happened. However, we propose to NOT change HARQ-ACK bit mapping because of following reasons:
· This misunderstanding is only happen when dynamic codebook is used and 2 HARQ-ACK bits are came from exactly 2 PDCCHs on one serving cell, and if the 2nd PDCCH is miss detected.
· The misunderstanding does not happen if PUCCH resources indicated by the 1st PDCCH and the 2nd PDCCH are different, i.e. at least one of ARI-bit or CCE-index of the 2 PDCCHs are different, the misunderstanding does not happen.
· If the HARQ-ACK bit mapping for PF0 is changed, HARQ-ACK error rate degrades for the case of the large delay spread because the HARQ-ACK bit mapping specified in TS 38.213 does not use adjacent CS for different HARQ-ACK bit.
· If the HARQ-ACK bit mapping for PF1 is changed, Grey coding is not used, which would cause another performance issue.
· We have already agreed HARQ-ACK bit mapping for PF0/PF1, and the agreement should be reverted only if there is critical issue; for this case, there is no critical issue.
Proposal 5:
· Conclude as following:
· No need to change HARQ-ACK bit mapping for PF0/PF1 because there is no critical issue.

5. Conclusion
In this contribution, we discussed remaining issue for short-PUCCH. The following proposals were made:
Proposal 1:
· Collision handling should consider multiple PUCCH transmissions for HARQ-ACK.
· If multiple PUCCHs for HARQ-ACK are overlapped, all of the HARQ-ACKs are multiplexed on the PUCCH resource indicated by ARI in the last DCI among all DCIs indicating the PUCCH transmissions.
Proposal 2:
· When HARQ-ACK/SR PUCCH resource determined by ARI and configured CSI PUCCH resources have the same starting symbols in a slot, if the UE is configured with only one PUCCH resource set and simultaneous transmission of HARQ-ACK/SR and CSI is enabled, HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI.
Proposal 3:
· When HARQ-ACK with PF0 is overlapped with multiple SR occasions, PUCCH format 2 is used to carry L = 1 or 2 bits HARQ-ACK and K > 1 SR. That implies when a UE has K SRs configured in a same time position.
· For 1 or 2 bits HARQ-ACK, if K = 0 or 1, ARI field in DCI indicates PUCCH format 0 , otherwise, ARI field in DCI indicates PUCCH format 2.
Proposal 4:
· When HARQ-ACK with PF1 is overlapped with multiple SR occasions, PUCCH format 2 is used to carry L = 1 or 2 bits HARQ-ACK and K > 1 SR. That implies when a UE has K SRs configured in a same time position.
· For 1 or 2 bits HARQ-ACK, if K = 0 or 1, ARI field in DCI indicates PUCCH format 0 , otherwise, ARI field in DCI indicates PUCCH format 2.
Proposal 5:
· Conclude as following:
· No need to change HARQ-ACK bit mapping for PF0/PF1 because there is no critical issue.
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