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1. Introduction

In RAN1#94 and RAN1#94bis meeting, enhancements on UCI for URLLC are discussed. And some agreements were reached in RAN1#94 [23]:
Agreement: 

· 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
Agreement (RAN1#90bis):
· For A-CSI on short PUCCH with single CSI report, downselect from the following:

· Alt 1:

· The CSI report is triggered with CSI request field in DL-related DCI

· UE-specific or UE-group-specific DCI is to be discussed in control channel session

· 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

In this paper, Tdocs submitted to this meeting for the issue will be summerized.
2. Multiple PUCCHs for HARQ-ACK within a slot
Key issue 2.1: How to support multiple HARQ-ACKs for URLLC within a slot?

Tdoc summary:
· Opt.1: Finer K1 indication

A UL slot is partitioned into sub-slots for PUCCH transmission. PDSCH is also positioned based on sub-slot. Unit of K1 is sub-slot. The HARQ-ACK codebook determination and overriding of PUCCH resource in R15 is reused based on sub-slot.
· Considered by: HW, QC, Nokia, MTK, LGE, Sony, Samsung, CATT, OPPO, DCM, Spreadtrum, CAICT
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· Advantages mentioned: 

· The same HARQ-ACK codebook determination and overriding of PUCCH resource in R15 is reused. 

· Problems discussed:

· Number of PUCCHs is restricted by number of sub-slots in a slot (Nokia)

· Finer K1 may lead to smaller range of K1 (ZTE)

· How to deal with cross-sub-slot PDSCH? (ZTE)
· QC’s solution: Reference point is the last sub-slot of PDSCH.
· HW’s solution: Reference point is the sub-slot containing the earliest symbol UE can transmit HARQ-ACK according to processing timeline.
· Compatibility between different K1 units (eMBB vs. URLLC or R15 vs. R16), i.e. how to determine (ZTE)
· Based on eMBB/URLLC differetiation (e.g. DCI format, RNTI, etc): vivo, Sony
· Semi-statically configured: Samsung, Sony
· FFS: Whether to support cross-sub-slot PUCCH?
· Opt.2: PDSCH-grouping
Different groups of PDSCH are mapped to different TDMed PUCCH resources in a slot. HARQ-ACK codebook determination and overriding of PUCCH resource are performed separately within each group. 
· Considered by: HW, ZTE, Nokia, LGE, CATT
· Opt.2a: PDSCH grouping based on time-domain position of HARQ-ACK (PDSCHs with DCI pointing to the PUCCH with starting or ending symbol in the same segment in a UL slot are treated as in a group). Slot-based K1 indication is reused. 

· ZTE, Nokia, CATT, Moto
· Potential problem: How it works for semi-static codebook?
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· Opt.2b: PDSCH grouping based on explicit indication (providing PDSCH(HARQ-ACK codebook mapping). The indication can be in DCI (for dynamic codebook) or RRC (for semi-static codebook)

· HW, CATT
· Potential problems: DCI overhead

· Opt.3: Symbol-level K1 indication and reference point is the last symbol of PDSCH
· Considered by: OPPO, vivo, Fujitsu, Spreadtrum

· Problems to be clarified:

· This option can be regarded as Opt.1 with sub-slot=1 symbol.

· HARQ-ARK codebook determination (vivo mentioned a new type of codebook).

· Opt.4: UE chooses the earliest PUCCH resource satisfying the processing timeline.
· Opt.4a: Support adding periodicity to the configuration of a PUCCH resource in a PUCCH resource set. The PUCCH occasion carrying the HARQ-ACK transmission is determined as the earliest one meeting the required processing time. The configured starting symbol index of the PUCCH resource modulo periodicity determines the actual starting symbol of the PUCCH transmission, similarly to SR.
· Considered by: Ericsson

· No K1 indication. 

· Considered by: Spreadtrum
· Opt.5: Time domain PUCCH resource indication is defined based on a combination of indication of K1 slot offsets and PUCCH starting symbols. 

· Considered by: Intel

Key issue 2.2: Number of HARQ-ACKs in a slot? –– related to sub-slot size for Opt.1.
· Opt.1: Up to 2 
· HW
· Opt.2: More than 2 
· DCM
· Opt.3: Configurable (up to 14 in principle)
· QC
Other issue considered:
· Panasonic: PUCCH resources for different latency and/or reliability requirement are TDMed/FDMed/CDMed within a slot.

Offline summary:

Agreements:

· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
Offline consensus for a conclusion: 

For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:

· How to separate HARQ-ACK multiplexing windows for different PUCCHs?

· How to indicate the starting symbol of different PUCCHs?
· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?

· How to determine dynamic HARQ codebook?

· How to determine semi-static HARQ-ACK codebook?

· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?

· How to determine PUCCH resource for each PUCCH?

· How to do PUCCH resource overriding for HARQ-ACK multiplexing?

· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?
Discussion status:
How to support multiple HARQ-ACKs for URLLC within a slot?

· Opt.1: Sub-slot-based HARQ-ACK feedback procedure

· A UL slot is partitioned into sub-slots for PUCCH transmission. 
· Starting symbol for PUCCH is indicated relative to the sub-slot boundary based on PUCCH resource set configuration.

· Opt.1a: K1 is indicated in unit of sub-slot.
· The R15 scheme for semi-static and dynamic HARQ-ACK codebook determination and overriding of PUCCH resource is reused in unit of sub-slot.
· Opt.1b: K1 is indicated in unit of slot and R15 PUCCH resource sets configuration is reused.

· Semi-static and dynamic HARQ-ACK codebook determination and overriding of PUCCH resource is based on sub-slot and ending symbols of PUCCH resources
· Opt.1c: K1 is indicated in unit of slot. Grouping PDSCH. Each PDSCH group is mapped to a PUCCH based on K1 and PRI indication.

· Dynamic HARQ-ACK codebook determination and overriding of PUCCH resource is based within the group.

· To be clarified: Semi-static HARQ-ACK codebook determination

· Opt.2: Symbol-level K1 indication and reference point is the last symbol of PDSCH
· Details to be clarified.

· Opt.3: UE chooses the earliest PUCCH resource satisfying the processing timeline.
· Details to be clarified.

3. Enhancements to UCI multiplexing
3.1. URLLC PUCCH/PUSCH multiplexing/dropping
Key issue 3.1.1: Support simultaneous PUCCH and PUSCH transmissions in R16?

· Considered by: LGE, Samsung, OPPO
· Problem: SAR, PAPR, power control issues

Key issue 3.1.2: How to multiplex HARQ-ACK in a PUSCH that includes only symbols with DMRS?
· Opt.1: Multiplexing of HARQ-ACK and DMRS within a symbol of PUSCH
· Considered by: DCM

· Opt.2: Drop either PUSCH or HARQ-ACK (UE is configured).
· Considered by: Samsung
Key issue 3.1.3: URLLC HARQ-ACK overlaps with a GF PUSCH
· Proposal from Samsung: When a GF PUSCH overlaps with PUCCH for HARQ-ACK and the UE cannot multiplex the HARQ-ACK in the PUSCH, the UE drops either the PUSCH or the PUCCH based on configuration by the gNB.
3.2. URLLC UCI and eMBB UCI within a slot 
Key issue 3.2.1: URLLC HARQ-ACKs and eMBB HARQ-ACK within a slot?

· Opt.1: Separate PUCCH resources and HARQ-ACK codebooks for URLLC and eMBB 
· Considered by: Huawei, ZTE, LGE, DCM, OPPO, MTK, Spreadtrum. InterDigital, AT&T
· Opt.2: gNB can also multiplex into one codebook
· Considered by: ZTE, Fujitsu
· Opt.3: URLLC UCI puntures eMBB PUCCH

· Considered by: Fujitsu

· Opt.4: Dropping eMBB HARQ-ACK
· Considered by: LGE, InterDigital
Key issue 3.2.2: URLLC SR with eMBB PUCCH? 
· Proposal: Prioritization of URLLC SR transmission over eMBB PUCCH/PUSCH transmission.
· Considered by: InterDigital

Key issue 3.2.3: PUCCH resource set for URLLC
· Proposal: Support configuration of PUCCH resource set specific to URLLC HARQ-ACK transmissions
· Considered by: InterDigital
3.3. URLLC UCI and PUSCH within a slot
Key issue 3.3.1: How to multiplex URLLC HARQ-ACKs with PUSCH within a slot?

· Opt.1: Follow different rules for HARQ-ACK multiplexing in PUSCH for eMBB and URLLC, e.g. different beta/alpha factors for prioritizing URLCC HARQ-ACK
· Huawei, ZTE, LGE, CATT, Pana, Fujitsu, InterDigital
· Opt.2: Transmit URLLC UCI and drop eMBB PUSCH
· Considered by: OPPO
· Opt.3: If HARQ-ACK is for URLLC or corresponding DCI is after the UL grant, HARQ-ACK punctures PUSCH
· Considered by: OPPO
Key issue 3.3.2: How to handle URLLC SR if it in the same slot of PUSCH?

· Proposal: Transmission of SR is supported, e.g. via FDM, puncturing, priotization
· Considered by: MTK, InterDigital

3.4. eMBB UCI and URLLC PUSCH within a slot
Key issue 3.4.1: How to multiplex eMBB HARQ-ACKs with URLLC PUSCH within a slot?
· Opt.1: Beta factors < 1.0, including 0.0, allowing for dropping of HARQ-ACK/CSI bits from UCI.
· Considered by: Ericsson, Huawei, LGE, OPPO, Samsung (per evaluation results)
· Opt.2: Indicator in DCI to disable UCI piggyback
· Considered by: Huawei

· Opt.3: Differentiate alpha-factor depending on latency and/or reliability requirement
· Considered by: Pana
· Opt.3: Drop eMBB UCI in case of GF URLLC
· Considered by: OPPO

4. A-CSI reporting on short PUCCH
Support A-CSI on PUCCH:
· Yes: Ericsson, Huawei, ZTE, OPPO, QC, DCM, Pana, CATT (should be justified with evaluation)

· More flexible and efficient scheduling for CSI;

· More up-to-date CSI feedback for better accuracy in URLLC;

· URLLC PUSCH is usually too short to for multiplexing A-CSI.

· No: Samsung

· Performance gain is marginal because URLLC initial transmission has been low-BLER (e.g. 10-2)
Trigger of A-CSI report on PUCCH:
· Opt.1: A CSI request field in DL-scheduling DCI.
· Considered by: Ericsson, Huawei, ZTE, OPPO, QC, DCM
· Samsung questions its gain if it is only applicable for retransmissions

· Opt.2: Group-common PDCCH.
· Considered by: Intel (with UE specific fields), Samsung (SRS is another option for TDD)
· Opt.3: Implicitly triggered.
· Opt.3a: Implicitly triggered based on outcome of data decoding
· Considered by: QC

· Problem mentioned: Different UCI payload sizes between ACK case and NACK case may lead to embiguity in PUCCH RESET determination. (DCM, Pana)

· Opt.3b: UE always report HARQ-ACK and A-CSI when the UE would transmit HARQ-ACK (Need evaluation. Same mechanism triggering A-SRS).
· Considered by: DCM, Pana
PUCCH resource allocation for A-CSI:
· Opt.1: Multiplexed with HARQ-ACK in the same PUCCH resource
· Reuse PUCCH RESET and K1 set configurations
· Reuse PUCCH resource indicator field in DCI

· Considered by: Ericsson, Huawei, ZTE, Pana, AT&T 
· Opt.2: Separate PUCCH resources for A-CSI and HARQ-ACK
· May require dedicate PUCCH RESET and K1 set configurations for A-CSI;

· May require dedicate PRI field in DCI for A-CSI;

· Considered by: Huawei

· Problem mentioned: Latency issue (Pana)
DMRS-based CSI estimation:
· Proposed by AT&T (with evaluation results)
5. Other proposed enhancements
5.1. PUCCH format enhancements

· Necessity:
· Need:
· DCM, Pana, MTK (with evaluation results), Sequens (with evaluation results)
· Reliability requirements proposed by DCM:.

· BLER of NACK-to-ACK<=10^(-6)

· BLER of DTX-to-NACK <=10^(-4)

· Not need:
· CATT (with evaluation results)
· Proposed enhancements:
· Longer sequence for PF0
· Proposed by: DCM, Pana
· Increased/distributed frequency resource
· Proposed by: DCM, Pana
· Short PUCCH repetition 
· Proposed by: DCM, AT&T, Pana
· Transmit diversity
· Proposed by: MTK
5.2. PUCCH power control enhancements
Ericsson’s proposal (similar proposal also from InterDigital): 
· Consider enhancements in PUCCH power control to enable larger power difference between PUCCH for eMBB and URLLC: 

· New TPC table allowing larger power adjustment steps, and/or

· Dynamic indication of power setting (e.g., [image: image4.png]


, closed-loop index) using DCI indication
MTK’s proposal:

· Support different PUCCH transmission power levels depending on whether ACK or NACK
5.3. SR indicating service type (i.e. eMBB or URLLC)
Sony’s proposal: 

· For UE capable of eMBB & URLLC, the SR can indicate whether the uplink traffic is for URLLC or not. 
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