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1. Introduction
[bookmark: _GoBack]The first 5G NR specifications TS38.211, TS38.212, TS38.213, and TS38.214 were approved in RAN plenary meeting, and have been updated afterwards [1 – 4]. In this contribution, we deal with remaining issues on long-duration PUCCH for more than 2 UCI bits, i.e., PUCCH format 3 and 4, that need further discussion for clarifications or corrections.

2. Remaining issues on long-duration PUCCH
2.1	Determination of PUCCH resource (set) and number of PRBs for periodic/semi-persistent CSI reporting on PUCCH  CR to TS38.213 regarding this topic
Determination of PUCCH resource set for HARQ-ACK/SR and CSI had been discussed and there is an agreement that if the UE is configured with more than one PUCCH resource sets, the PUCCH resource set is determined based on the number of total UCI bits (HARQ-ACK, SR and CSI bits) including CRC. For subband CSI reporting, where the CSI report is divided into two parts (CSI part 1 and CSI part 2) and encoded separately. Regarding the issue that the size of CSI part 2 bits is determined by the UE and is unknown to the gNB, the following agreement were made in RAN1#92b meeting.
	Agreements: 
When AN/SR and SP-CSI PUCCH resources have the same starting symbol, multiplexing AN/SR and SP-CSI on a PUCCH resource. The reference payload for CSI part 2 is based on assuming by rank 1.


The agreement above was captured in TS38.213 spec as follows.
	------- Original text -------
If a UE transmits periodic/semi-persistent CSI reports that include part-2 CSI reports, the UE determines a number of resources for a corresponding PUCCH format assuming that each of the periodic/semi-persistent CSI reports indicates rank 1.


However, following two points are not clear in the spec when the CSI part 2 is included in the total UCI payload. 
1) How UE determines a number of resources for a corresponding PUCCH format
2) When UE assumes rank 1 and when UE does not assume rank 1
According to our understanding from the discussion in the PUCCH session, the rank 1 assumption on the CSI part 2 payload size is made only for calculation of the total UCI payload size for the purpose of determining PUCCH resource as the following cases: 
· Determination of the PUCCH resource set (configured for HARQ-ACK) and the number of RBs for PUCCH transmission when CSI part 2 is transmitted on the PUCCH resource indicated by ARI 
· Determination of the PUCCH resource (configured for CSI report) and the number of RBs for PUCCH transmission when CSI part 2 is transmitted on the PUCCH resource not indicated ARI 
Other than for calculating the total UCI payload size for determination of the PUCCH resource (set) and the number of RBs for PUCCH transmission, the rank actually calculated by the UE is used. For example, the dropping rule for CSI report(s), if the PUCCH capacity is not enough, applies to the calculated CSI part 2 without rank 1 assumption.

Proposal 1: A TP is proposed for clarification on the following two points:
1) How UE determines a number of resources for a corresponding PUCCH format
2) When UE assumes rank 1 and when UE does not assume rank 1
The following TP is proposed.
	------- Proposed text -------
If a UE transmits periodic/semi-persistent CSI reports that include part-2 CSI reports, the UE determines a PUCCH resource and the number of RBs in the PUCCH resource based on the UCI payload assuming that each of the periodic/semi-persistent CSI reports indicates rank 1.



2.2	Determination of a PUCCH resource when multiple PUCCH resources are configured for multiple CSI reports 
In RAN1 #92 meeting, it was agreed that up to 2 multi-CSI PUCCH resources can be configured to a UE per UL BWP and the basic principle behind the PUCCH resource determination when more than one multi-CSI PUCCH resource is configured is to choose the multi-CSI PUCCH resource with the smallest capacity but such that the CSI payload of all colliding CSI reports is not larger than the capacity. And if no such resource is configured, choose the largest multi-CSI PUCCH resource and apply dropping rules. As we understand it, there is no such restriction that the configured two multi-CSI PUCCH resources shall not have the same capacity. If configuring two multi-CSI PUCCH resources with the same capacity is allowed for some reasons, e.g., same capacity but different code rates or different PUCCH durations, the UE and gNB should have the common understanding on which multi-CSI PUCCH resource the UE is expected to transmit the CSI reports to avoid unnecessary BD trials at the gNB side. The tie-breaking rule that we see a merit is to choose the PUCCH format with the higher maximum code rate for efficiency because the smaller number of REs are occupied for the same CSI payload bits. If the configured maximum code rates of two different PUCCH formats are same, then the PUCCH resource having the PUCCH format with the shorter duration can be prioritized in favour of short latency. For applications where the low latency is of top priority, the PUCCH format with shorter duration should be prioritized over that of the higher maximum code rate. However, if the application-dependent priority control is needed, it may be more desirable that the gNB takes control of the priority e.g., by letting the UE select the PUCCH resource based on the order in the RRC configuration list.

Proposal 2: If the supportable maximum UCI payload size (or capacity) of different PUCCH resources configured for multiple CSI reports are the same, the PUCCH resource is selected based on the following priority order:
1) PUCCH resource with the higher maximum code rate (R)
2) PUCCH resource having the PUCCH format with shorter duration (if the configured maximum code rates are the same)

2.3	Format mismatch between the configured PUCCH format for CSI reporting and the PUCCH format indicated by ARI
Regarding the multiplexing of HARQ-ACK/SR and CSI on PUCCH, how to deal with the case where the PUCCH format indicated by ARI for HARQ-ACK/SR is different from the configured PUCCH format for CSI has been discussed. And among the following three cases, Case 1 and Case 2 had been resolved.
· Case 1: Collision of a wideband periodic/semi-persistent CSI with PUCCH format 3 or 4 indicated by ARI
· Case 2: Collision of a subband periodic/semi-persistent CSI with PUCCH format 2 indicated by ARI
· Case 3: Collision of a wideband or subband periodic/semi-persistent CSI with PUCCH format 0 or 1 indicated by ARI (when only one PUCCH resource set is configured for the UE)
Case 3 was discussed in RAN1#92b meeting, but failed to reach an agreement. The following three alternatives were on the table, and pros and cons were discussed. 
· 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.
· Alt 2: HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI
· Alt 3: HARQ-ACK/SR is transmitted on the HARQ-ACK/SR PUCCH resource and CSI reporting is dropped in that slot.
Basically, Case 3 can be easily avoided by gNB configuring multiple PUCCH resource sets if multiplexing of HARQ-ACK/SR and CSI is desired. Nevertheless, if the gNB configured only a single PUCCH resource set supporting only up to 2 UCI bits, then it could be interpreted in such a way that the gNB intended not to allow the HARQ-ACK/SR and CSI multiplexing for this specific occasion and request HARQ-ACK/SR from the UE. This should be useful in applications where the latency of HARQ-ACK and/or SR is important and therefore should not be affected regardless of the collision happening between the HARQ-ACK/SR and CSI. 

Proposal 3: 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, 
· Drop CSI and transmit only HARQ-ACK/SR on the PUCCH format indicated by ARI

If Alt.2 (HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI) should still be considered, the complicated issues such as how to deal with the case of conditional overlapping with different relative locations and durations, and the latency issues affected by putting HARQ-ACK/SR onto the CSI resource should be further discussed and resolved. In NR, a CSI resource is configured per CSI report and therefore there is no need to configure a PUCCH resource with the capacity larger than needed for the specific CSI report. Therefore, the case where the payload size of the HARQ-ACK/SR plus CSI exceeds the capacity of the PUCCH resource configured for the CSI only can happen. If it happens, dropping rule should apply and the natural consequence is that the CSI is dropped and only the HARQ-ACK/SR is transmitted on the PUCCH resource configured for CSI reporting. In this case, it may be more plausible to transmit the HARQ-ACK/SR on the PUCCH resource indicated by ARI so the following can be considered. If the payload size of HARQ-ACK/SR plus CSI (including CRC bits) exceeds the capacity of the PUCCH resource configured for the CSI reporting, then the CSI report is dropped and only the HARQ-ACK/SR bits are transmitted in the HARQ-ACK/SR resource indicated by ARI. Anyway, the above case where the payload size of the HARQ-ACK/SR plus CSI exceeds the capacity of the PUCCH resource configured for the CSI only could have been avoided by gNB configuring a PUCCH resource for a CSI report with the capacity equal to or larger than the payload size of the CSI report plus the maximum possible HARQ-ACK/SR bits. 

2.4	Multiplexing or handling of multiple CSI PUCCHs in a slot
Based on the agreement in MIMO session, if multiple single-CSI reports collide (with PUCCH resource overlapping) in a slot, either they can all be transmitted on a multi-CSI PUCCH if configured, or only one of them is transmitted on a single-CSI PUCCH if no multi-CSI PUCCH is configured in that slot. In case multiple single-CSI reports do not collide, i.e., time-division multiplexed in a slot, up to two single-CSI PUCCHs can be transmitted if at least one of them is short-duration PUCCH based on the relevant agreement in the last meeting. Here, further discussion is needed how UE is expected to behave when more than 2 PUCCHs are configured for CSI reporting and part of them are overlapped or time-division multiplexed. For example, the case where three single-CSI PUCCHs are configured and two of them collide can be considered.

3. Conclusion
In this contribution, we discussed remaining issues of long-duration PUCCH and our proposals are as follows:

Proposal 1: A TP is proposed for clarification on the following two points:
1) How UE determines a number of resources for a corresponding PUCCH format
2) When UE assumes rank 1 and when UE does not assume rank 1
The following TP is proposed.
	------- Proposed text -------
If a UE transmits periodic/semi-persistent CSI reports that include part-2 CSI reports, the UE determines a PUCCH resource and the number of RBs in the PUCCH resource based on the UCI payload assuming that each of the periodic/semi-persistent CSI reports indicates rank 1.



Proposal 2: If the supportable maximum UCI payload size (or capacity) of different PUCCH resources configured for multiple CSI reports are the same, the PUCCH resource is selected based on the following priority order:
1) PUCCH resource with the higher maximum code rate (R)
2) PUCCH resource having the PUCCH format with shorter duration (if the configured maximum code rates are the same)

Proposal 3: 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, 
· Drop CSI and transmit only HARQ-ACK/SR on the PUCCH format indicated by ARI
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