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Introduction
We had some discussions around UCI enhancement on URLLC and achieved some agreements in the previous meetings [1].
Agreements: 
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.

Agreements: 
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot
· Other enablers are not precluded

Agreements:
Study the need for enhanced CSI reporting/measurement mechanisms. E.g.,  
· DMRS based CSI
· A-CSI on PUCCH
· Trigger by DL assignment
· Enhanced CSI reporting mode
Other approaches are not precluded

In this contribution, we provide our considerations on UCI enhancement on URLLC, including more than one PUCCH with HARQ-ACK, and A-CSI on PUCCH. 
Discussion
More than one PUCCH with HARQ-ACK
Separate HARQ-ACK feedback for URLLC
Considering URLLC traffic need quicker HARQ-ACK feedback than eMBB traffic, it is reasonable to use separate HARQ-ACK feedback resources and codebook for URLLC and eMBB. Especially, NR should keep in order scheduling, such as a PDSCH scheduled earlier should be feedback earlier than or use same time as a PDSCH scheduled later. If an earlier PDSCH carries eMBB traffic, but a later PDSCH carries an URLLC traffic, it may be need to feedback HARQ-ACK for the later PDSCH, which is not allowed in Rel15 NR. Thus, if separate HARQ-ACK PUCCH resource is configured for URLLC and eMBB, scheduling only needs to keep in order within the type of traffic. 
One method is reuse the new RNTI introduced in Rel15 URLLC, which is named MCS-C-RNTI. For PDSCH scrambled with C-RNTI, its HARQ-ACK PUCCH resource use same mechanism defined in NR. For PDSCH scrambled with MCS-C-RNTI, its HARQ-ACK PUCCH resource can be indicated with finer K1 indication trough DCI or use an implicit process timeline to choose a PUCCH.
Another method is using compact DCI to differential URLLC and eMBB traffic. When compact DCI is monitored, UE knows this is an URLLC traffic, which should use a new rules for its HARQ-ACK feedback resources.
Proposal 1. Use separate HARQ-ACK feedback for URLLC, including separate HARQ-ACK PUCCH resource and HARQ-ACK codebook generation.
Finer K1 indication
In order to satisfy latency requirement of URLLC traffic, we agreed to support more than one PUCCH with HARQ-ACK. There are several alternatives for how to support more than one PUCCH with HARQ-ACK and enable enhanced reporting procedure/feedback for HARQ-ACK discussed in the previous contributions [4], [5].
Alt1: RRC PUCCH resource configuration indicates the relative symbol indices in the unit of symbols between the PDSCH reception/DL SPS release and the HARQ-ACK PUCCH transmission, which is different from RRC configuring the number of slots between the PDSCH and the PUCCH feedback HARQ-ACK information. DCI uses ARI to indicate the PUCCH recourse in PUCCH resource sets. But there is no K1 indication in DCI.
Alt2: PUCCH recourse configured by RRC is configured without starting symbol information. K1 in DCI indicates the symbol offset from the last symbol of PDSCH to the first symbol of PUCCH. And DCI uses ARI to indicate the PUCCH recourse in PUCCH resource sets.
Alt3: DCI indicates PUCCH resource using ARI, but without K1 in DCI. Selected PUCCH resource position satisfies UE processing timeline.
· RRC configures PUCCH resources without starting symbol information. It can be start at any UL symbol or flexible symbol satisfying UE processing timeline which is later than PDSCH ending symbol + Max (N1+d1, the first useable symbol of PUCCH resources in the resource set)
Alt4: DCI uses ARI to indicate the PUCCH recourse in PUCCH resource sets but without K1 in DCI. K1 can be 0 or 1, depends on the selected PUCCH resource starting symbol and the UE processing timeline.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Alt4-1: DCI use ARI to indicate the PUCCH recourse in PUCCH resource sets but without K1 in DCI. RRC configures PUCCH resources with several starting symbols, and UE chooses the earliest PUCCH resource satisfying the processing timeline. Alternatively, RRC configures PUCCH resources with one starting symbol, but UE can use several starting symbols with a predefined rule and then chooses the earliest PUCCH resource satisfying the processing timeline.
Observation 1: There can be different methods to support multiple HARQ-ACK PUCCH resources in a slot. It is necessary to consider the balance of PUCCH number in a slot and the configuration payload.
CSI enhancement on URLLC
A-CSI on PUCCH
During Rel-15 NR, MIMO session had given three opinions for A-CSI on PUCCH especially short PUCCH, but without any consensus. 
Alt 1: The CSI report is triggered with CSI request field in DL-related DCI. PUCCH resource indicator field in DL-related DCI indicates the PUCCH resource for the triggered CSI report from a set of higher-layer configured PUCCH resources
Alt 2: Use UE-specific UL-related DCI, CSI request field triggers a CSI report. It is indicated in the CSI Report Setting if PUCCH or PUSCH is used
Alt 3:	Use UE-specific UL-related DCI, indication on if PUCCH or PUSCH is used is determined by bit in DCI
We slightly prefer Alt1, since PUCCH HARQ-ACK resource indication and PUCCH power control command are always on DL grant. It is nature to trigger A-CSI on PUCCH. 
There is also several problems with regards to this mechanism:
 Question1: whether or not it must be the same PUCCH resource for this scheduled PDSCH HARQ-ACK feedback and A-CSI report. 
If it is always the same PUCCH, like A-CSI on PUSCH is always same PUSCH with UL-SCH, how to limit the selected PUCCH resource based on total UCI and PRI is short PUCCH? We think there are some uncertainty because if some PUCCHs resources overlap and a new PUCCH may be reselected due to overlapped. 
If it can be a different PUCCH resource for HARQ-ACK and A-CSI, how to decide PUCCH resource carrying A-CSI. One option is configured in CSI report setting like periodic and semi-persistent CSI on PUCCH. Another method can be indicated in DCI but with more pay load for this signaling.
Question 2: whether or not allow A-CSI only trigger DL Grant.
If there is no PDSCH scheduled, PDCCH only contains an A-CSI trigger DCI which is allowed for uplink. But from our perspective, it is not an efficient PDCCH, since all other field is reserved such as time/frequency domain resource allocation etc.
Above all, we propose to study further on A-CSI on PUCCH feedback.
Proposal 2. A-CSI on PUCCH feedback needs further studied.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Observation 1: There can be different methods to support multiple HARQ-ACK PUCCH resources in a slot. It is necessary to consider the balance of PUCCH number in a slot and the configuration payload.
Proposal 1.	Use separate HARQ-ACK feedback for URLLC, including separate HARQ-ACK PUCCH resource and HARQ-ACK codebook generation.
[bookmark: _GoBack]Proposal 2.	A-CSI on PUCCH feedback needs further studied.
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