


3GPP TSG RAN WG1 Meeting #92bis	                      R1-1804555
Sanya, China, April 16th – 20th, 2018
[bookmark: _GoBack]
Agenda Item:	7.1.3.2.2
Source: 	LG Electronics
Title: 	Remaining issues on long-duration PUCCH
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
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
Determination of PUCCH resource set for HARQ-ACK/SR and CSI has 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, the UE assumption on the number of CSI part 2 bits for PUCCH resource set determination is a subject for further study. Since the rank is determined by the UE and the calculation of the CSI part 2 are dependent on the rank, the size of CSI part 2 bits are unknown to the gNB. Without a proper assumption on the number of CSI part 2 bits, the gNB would have to reserve multiple PUCCH resource or resource sets causing an excessive (or unnecessary) PUCCH resource overhead. Furthermore, the gNB would have to do multiple BD trials on the reserved PUCCH resources or resource sets increasing the complexity at the gNB side. To solve this problem, it is proposed to select a PUCCH resource or a PUCCH resource set based on a reference (fixed) number of CSI part 2 bits rather than actual number of CSI part 2 bits. 

Proposal 1: PUCCH resource (set) selection and determination of PRB number for UCI transmission on PUCCH format 3/4 is done based on a reference (fixed) number of CSI part 2 bits rather than actual number of CSI part 2 bits.

As for the reference (fixed) number of CSI part 2 bits, the maximum or minimum possible number of CSI part 2 bits that can be determined by the UE based on the report setting configured to the UE is known to the gNB without ambiguity and therefore considered as a valid option for the reference number of CSI part 2 bits. The number of CSI part 2 bits based on rank = 1 assumption is also considered as a valid option for the reference number of CSI part 2 bits. Or more sophisticatedly, based on the expected number of HARQ-ACK payload bits, different assumptions on the CSI part 2 bits can be made for PUCCH resource (set) selection. In the case where HARQ-ACK/SR and CSI are multiplexed on a PUCCH configured for HARQ-ACK, the expected HARQ-ACK payload bits can be large considering carrier aggregation, downlink heavy TDD configuration, and CBG based HARQ-ACK transmission. In this case, the PUCCH resource set and the number of PRBs for PUCCH transmission is determined assuming the minimum possible number of CSI part 2 bits. On the other hand, in the case where HARQ-ACK/SR and CSI are multiplexed on a PUCCH configured for CSI reporting, the expected HARQ-ACK payload bits is small and therefore the PUCCH resource and RB determination are based on the maximum possible number of CSI part 2 bits.

Proposal 2: The reference numbers of CSI part 2 bits for PUCCH resource (set) and RB determination are set differently based on the expected HARQ-ACK payload bits as follows:
1) Minimum possible number of CSI part 2 bits in the case of HARQ-ACK/SR and CSI multiplexing on PUCCH configured for HARQ-ACK
2) Maximum possible number of CSI part 2 bits in the case of HARQ-ACK/SR and CSI multiplexing on PUCCH configured for CSI reporting

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 3: 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 a subject for further study. The cases that are related to the format mismatch issue is as follows:

· 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)

For Case 1, as the wideband CSI reporting on PUCCH format 3 or 4 are already supported, the wideband CSI and HARQ-ACK/SR can be jointly encoded and transmitted using PUCCH format 3 or 4. For Case 2, for type I CSI feedback, the subband CSI reporting always comprises CSI part 1 and part 2 which are separately encoded, but the PUCCH format 2 indicated by ARI supports only wideband CSI reporting which is always a single part when transmitted on PUCCH. To determine UE behaviour for this case, the following options can be considered for further discussion:

· Opt.1: Drop the whole CSI (CSI part 1 and part 2), and transmit only HARQ-ACK/SR on the PUCCH format 2 indicated by ARI
· Opt.2: Drop CSI part 2, and transmit HARQ-ACK/SR and CSI part 1 (jointly encoded) on the PUCCH format 2 indicated by ARI 
· Opt.3: Transmit HARQ-ACK/SR and CSI part 1 (jointly encoded) and CSI part 2 (separately encoded) on the PUCCH format 2 indicated by ARI

Opt.1 is obviously the simplest solution. Considering that the HARQ-ACK/SR is considered more important or urgent for almost all cases than the CSI reporting and there is still vagueness on the typical payload sizes of each part of the two-part CSI reports that we think would be helpful to leverage different options, we prefer supporting only Opt.1 for Rel.15. If there are applications that transmitting CSI on time is important, then we can further consider Opt.3. For Opt.3, no pre-emptive dropping of CSI part 2 is performed. Instead, CSI part 1 and part 2 are transmitted by applying separate encoding as long as the PUCCH capacity allows and the same dropping rule as already defined in the spec for PUCCH format 3 and 4 is applied. 

Proposal 4: For the collision of a subband periodic/semi-persistent CSI with PUCCH format 2 indicated by ARI, following options are proposed for further discussion:
· Opt.1: Drop the whole CSI (CSI part 1 and part 2), and transmit only HARQ-ACK/SR on the PUCCH format 2 indicated by ARI 
· Opt.2: Drop CSI part 2, and transmit HARQ-ACK/SR and CSI part 1 (jointly encoded) on the PUCCH format 2 indicated by ARI  
· Opt.3: Transmit HARQ-ACK/SR and CSI part 1 (jointly encoded), and CSI part 2 (separately encoded) on the PUCCH format 2 indicated by ARI 

For Case 3, if the UE is configured with only one PUCCH resource set (for up to 2 UCI bits), the PUCCH format indicated by ARI cannot accommodate the CSI report. For that reason, how to determine the PUCCH resource in this case has been a subject for further study since RAN1 #92 meeting. Regarding this issue, following options can be considered for further discussion:

· Opt.1: Drop CSI and transmit only HARQ-ACK/SR on the PUCCH format indicated by ARI
· Opt.2: Transmit both CSI and HARQ-ACK/SR on the PUCCH resource configured for CSI reporting

In our view, Case 3 is a corner case that can be easily avoided by gNB configuring multiple PUCCH resource sets if multiplexing of HARQ-ACK/SR and CSI is desired. If the gNB configured only a single PUCCH resource set supporting only up to 2 UCI bits, even though the gNB could have configured multiple PUCCH resource sets without any big issue, 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. This should be useful in applications where the latency of HARQ-ACK and/or SR should not be affected regardless of the collision happening between the HARQ-ACK/SR and CSI. 

Proposal 5: For the 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), following options are proposed for further discussion:
· Opt.1: Drop CSI and transmit only HARQ-ACK/SR on the PUCCH format indicated by ARI
· Opt.2: Transmit both CSI and HARQ-ACK/SR on the PUCCH resource configured for CSI reporting

If the Opt.2 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. 

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

Proposal 1: PUCCH resource (set) selection and determination of PRB number for UCI transmission on PUCCH format 3/4 is done based on a reference (fixed) number of CSI part 2 bits rather than actual number of CSI part 2 bits.

Proposal 2: The reference numbers of CSI part 2 bits for PUCCH resource (set) and RB determination are set differently based on the expected HARQ-ACK payload bits as follows:
1) Minimum possible number of CSI part 2 bits in the case of HARQ-ACK/SR and CSI multiplexing on PUCCH configured for HARQ-ACK
2) Maximum possible number of CSI part 2 bits in the case of HARQ-ACK/SR and CSI multiplexing on PUCCH configured for CSI reporting

Proposal 3: 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 4: For the collision of a subband periodic/semi-persistent CSI with PUCCH format 2 indicated by ARI, following options are proposed for further discussion:
· Opt.1: Drop the whole CSI (CSI part 1 and part 2), and transmit only HARQ-ACK/SR on the PUCCH format 2 indicated by ARI 
· Opt.2: Drop CSI part 2, and transmit HARQ-ACK/SR and CSI part 1 (jointly encoded) on the PUCCH format 2 indicated by ARI  
· Opt.3: Transmit HARQ-ACK/SR and CSI part 1 (jointly encoded) and CSI part 2 (separately encoded) on the PUCCH format 2 indicated by ARI 

Proposal 5: For the 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), following options are proposed for further discussion:
· Opt.1: Drop CSI and transmit only HARQ-ACK/SR on the PUCCH format indicated by ARI
· Opt.2: Transmit both CSI and HARQ-ACK/SR on the PUCCH resource configured for CSI reporting
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