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1. Introduction

Agreements and concludions from SI related to the WI objectives on UCI enhancements:
Agreements:

· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
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?
Agreements:

· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE

· FFS more details (including procedures when applicable)

· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both

· FFS more than 2

· FFS whether or not CBG configuration is supported for Rel-16 URLLC

Agreements:

· Rules for the two HARQ-ACK codebooks for supporting different service types should be specified in R16 if the two HARQ-ACK codebooks are due to trranmit in resources overlapping in time
· FFS details, e.g., multiplexing and/or prioritizing or parallel tx
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 

· FFS in potential WI the details of the PHY identification
In this paper, Tdocs submitted to RAN1#96bis for the issue will be summerized.

2. Multiple PUCCHs for HARQ-ACK within a slot for a service type
2.1. Scheme down-selection
· Opt.1: Sub-slot-based HARQ-ACK feedback procedure 
· Considered by: HW, QC, DCM, MTK, Nokia, CATT, LGE, Pana, OPPO, vivo, Sony, Spreadtrum, InterDigital, CAICT, Sharp, China Telecom, Ericsson
· Opt.2: PDSCH grouping
· Considered by: ZTE, LGE, Fujitsu, WILUS, ETRI
· Opt.2a: PDSCH grouping with explicit indictor (e.g. in DCI or RRC signaling)
· Considered by: ZTE

· Opt.2b: Implicit PDSCH grouping based on L1 parameters, e.g. PRI, type of PDSCH
· Considered by: ZTE, Fujitsu, ETRI
· And “Codebook-less HARQ” was proposed as a complementary to one of Options 1-2
· MTK: HARQ process ID selects HARQ procedure. K1 selects half-slot. Specific value of K1 selects codebook-less HARQ.

· WILUS: K1 selects slot; PDSCH group indication is FFS.  
Issue 2.1.1: Scheme down-selection
Concerns/questions to the options:

	Opt.1
	· Complicate the design and operation for cases with mixed numerologies
· Smaller range of PDSCH-PUCCH timing difference (specially for TDD)

	Opt.2
	· Design commonality between Type I and Type II HARQ-ACK codebook  
· Additional DCI overhead for explicit PDSCH grouping indicator


Agreements:

For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.

· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.

· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 

· FFS: Allowing PUCCH across sub-slot boundary or not.

· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 

· FFS for Type I HARQ-ACK codebook.

· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.

· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.

· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.

· FFS: K1 definition.

· FFS: Details of PUCCH resource configuration and determination.

FFS: Use “Codebook-less HARQ” as a complementary or not.

FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 

FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.

Offline proposal:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.
Issue 2.1.2: Applicability of Type I or Type II HARQ-ACK codebook for URLLC?

· Both: ZTE, DCM

· Semi-static HARQ codebook is not used for R16 URLLC: MTK, Samsung

Issue 2.1.3: PUCCH resource configuration

· Opt.1: Sub-slot-based PUCCH resource set configuration (HW, MTK, )

· Opt.2: Slot-based PUCCH resource set configuration (E///, Moto)

· Opt.3: Per CORESET PUCCH resource configuration (vivo)

Issue 2.1.4: Unit of K1?

· Opt.1: Sub-slot 

· Considered by: QC, DCM, MTK, Pana, OPPO, CATT, vivo, Sony, InterDigital, CAICT, Sharp, E///
· Opt.2: Slot 

· Considered by: ZTE, Fujitsu, Moto, WILUS

· Opt.3: Symbol

· Considered by: Samsung, Pana, NEC

· Opt.3: Joint encoding of number of slots and subslots in K1 (for extending range of PDSCH-PUCCH timing difference)

· Considered by: Intel

Issue 2.1.5: Configurability of the number of HARQ-ACKs/size of sub-slot in a slot?

· Opt.1: Configurable

· QC, Intel, Nokia, OPPO, MTK, vivo, Sony, NEC, Sharp, China Telecom
· Opt.2: As a function of SCS

· Intel

Key issue 2.1.6: Maximum number of HARQ-ACKs in a slot?

· Opt.1: 4

· E///

· Opt.2: 7

· QC, OPPO

· Opt.3: 14

· ZTE, vivo, Sony

· Opt.4: Max. 3 codebooks as a starting point (1 for eMBB and 2 for URLLC) and any number of codebook-less HARQs that is necessary.

· MTK

2.2. Details of Opt.1: Sub-slot-based HARQ-ACK feedback procedure
Details of Opt.1 (example):

	Question:
	Answer:

	How to separate HARQ-ACK multiplexing windows for different PUCCHs?
	A virtual subslot grid based on UL numerology is defined over DL and UL parts. HARQ-ACKs mapped into a subslot are multiplexed into a PUCCH.

Note: The subslot grid is not used for PDSCH scheduling. A PDSCH can start from any applicable symbol and with any applicable duration.

	How to indicate the starting symbol of different PUCCHs?
	Separate PUCCH resource sets from R15 are configured for subslot-based PUCCH, in which starting symbol is configured relative to subslot boundary.

	How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
	Both PDSCH-to-subslot and PUCCH-to-subslot association are determined based on UL SCS and subslot grid. 

· Reference point of a PDSCH occasion is its ending symbol.

· Reference point of a PUCCH is its starting symbol.
Then K1 is indicated in unit of subslot.

	How to determine dynamic HARQ codebook?
	Same as in R15, but in unit of subslot.

	How to determine semi-static HARQ-ACK codebook?
	Same as in R15, but in unit of subslot.

	How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
	Separate PUCCH resource sets from R15 are configured for eURLLC.

	How to determine PUCCH resource for each PUCCH?
	Same as in R15.

	How to do PUCCH resource overriding for HARQ-ACK multiplexing?
	Same as in R15, but in unit of subslot.


Issue 2.2.1: Reference point for mapping PDSCHs into a sub-slot

· The ending symbol (HW, QC, vivo)

Issue 2.2.2: Allowing PUCCH across sub-slot boundary or not?

· Yes (Nokia)

· No (vivo)

Issue 2.2.3: Cancelling HARQ-ACK in case latency requirement cannot be met.
· Dynamical indication, based on K1, to UE the HARQ-ACK for one URLLC PDSCH is not transmitted should be considered (OPPO)
2.3. Details of Opt.2: PDSCH grouping

Example of Opt.2:

	Question:
	Answer:

	How to separate HARQ-ACK multiplexing windows for different PUCCHs?
	In general, the PUCCHs with the same starting symbol would be multiplexed, i.e. the multiplexing window is per starting symbol.

(gNB implemention guarantees TDM between PUCCHs accociated with different PDSCH groups)

	How to indicate the starting symbol of different PUCCHs?
	Same as R15.

	How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
	Same as R15.

	How to determine dynamic HARQ codebook?
	PDSCH grouping is used for PDSCH-PUCCH mapping. Then HARQ-ACK is constructed within each group. PDSCH grouping can be with:

· Opt.2a: Explicit indicator in DCI

· Opt.2b: Implied by PRI

· Opt.2c: Implied by RRC parameters (K1 set, SLIV, CC set, etc.)

· Opt.2d: Derived processing timeline

	How to determine semi-static HARQ-ACK codebook?
	Same as R15.

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

	How to determine PUCCH resource for each PUCCH?
	Same as R15.

	How to do PUCCH resource overriding for HARQ-ACK multiplexing?
	For dynamic HARQ-ACK codebook, overriding is performed within each PDSCH group.

For semi-static HARQ-ACK codebook, same as R15.


2.4. Details of “Codebook-less HARQ”
	Question:
	Answer:

	How to separate HARQ-ACK multiplexing windows for different PUCCHs?
	A virtual subslot grid based on UL numerology is defined over DL and UL parts. HARQ-ACKs mapped into a subslot are multiplexed into a PUCCH.

The sub-slot size is 7 or 14 OFDM symbols as configured per BWP and HARQ procedure.
Note: The subslot grid is not used for PDSCH scheduling. A PDSCH can start from any applicable symbol and with any applicable duration.

	How to indicate the starting symbol of different PUCCHs?
	Separate PUCCH resource sets from R15 are configured for subslot-based PUCCH, in which starting symbol is configured relative to subslot boundary.

	How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
	Both PDSCH-to-subslot and PUCCH-to-subslot association aredetermined based on UL SCS and subslot grid.

· Reference point of a PDSCH occasion is its ending symbol.
· Reference point of a PUCCH is its starting symbol.
Then K1 is indicated in unit of subslot.
Specific K1 value (or K1 index applied in DCI) indicated along with high-priority HARQ procedure selects codebook-less HARQ procedure, which in turn operates without K1 information.  

	How to determine dynamic HARQ codebook?
	Same as in R15, but in unit of subslot, and by excluding DCI’s handled by different HARQ procedure.

	How to determine semi-static HARQ-ACK codebook?
	Same as in R15, but in unit of subslot, and by padding a NACK in place of HARQ information reported by different HARQ procedure.

	How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
	Separate PUCCH resource sets from R15 are configured for eURLLC.

	How to determine PUCCH resource for each PUCCH?
	Same as in R15.

For, codebook-less HARQ, select PUCCH from PUCCH resource set 0 based on PRI. Transmit the PUCCH instance in the earliest admissible half-slot, i.e., infer PUCCH timing (K1) from the N1 timeline, and the UL/DL and BWP configurations.

	How to do PUCCH resource overriding for HARQ-ACK multiplexing?
	Same as in R15, but in unit of subslot.

No overriding with codebook-less sending. (Consider multiplexing if same PUCCH instance selected.)


2.5. Other enhancements
NEC proposal:
· For URLLC service only, remove the CCE part from the determination of PUCCH resource ID and therefore PUCCH start symbol.
· Mechanisms to improve the reliability of dynamic codebook should be considered.

3. Separate HARQ-ACK codebook constructions for different service types
FFS points were listed below:
· FFS more details (including procedures when applicable)

· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both
· FFS more than 2

· FFS whether or not CBG configuration is supported for Rel-16 URLLC

3.1. PHY identification for differentiating HARQ-ACK codebook/procedure for eMBB or URLLC?

Most of companies proposed to identify a HARQ-ACK codebook based on PHY parameters/configurations. Some companies (e.g. QC) showed their supports to PHY differentiation in general. Other companies expressed their preference on detailed type of PHY parameters/configurations.

· Opt.1: By DCI format

· Considered by: Samsung, Sony, Sharp, vivo, Spreadtrum

· Opt.2: By RNTI

· Considered by: CATT, LGE, OPPO, vivo, Sony, Spreadtrum, InterDigital, Sharp

· Opt.3: By RRC parameters (K1 set, SLIV, CC set, etc.)
· Considered by: HW
· Opt.4: Explicit indication in DCI

· Considered by: LGE, Nokia, Moto, InterDigital, Pana

· Opt.5: By CORESET/search space properties

· Considered by: CATT, LGE, vivo, InterDigital

· Opt.6: By HARQ process ID grouping (and specific K1 value to select codebook-less HARQ)
· Considered by: MTK

· Opt.7: By PDSCH duration

· Considered by: Sharp

· Opt.8: Payload size, code rate or duration of PUCCH resource

· Considered by: Fujitsu
Potential proposal:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I and Type II HARQ-ACK codebooks, and for dynamically-scheduled PDSCH, down-select from belows for the PHY identification for identifying a HARQ-ACK codebook:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space properties
· FFS: For SPS PDSCH
3.2. Other details

Issue 3.2.1: Separate HARQ-ACK procedures for different service types?

Some companies [E///, MTK, Sharp, China Telecom] in general proposed to have separate procedures. And regarding different aspects of the procedure, the opinions are summarized as belows:

· Separate HARQ-ACK multiplexing windows (Fujitsu)

· Separate PUCCH resource configurations (MTK, LGE, QC, Pana, Spreadtrum, InterDigital)

· Separate HARQ-ACK codebook type configurations?

· Opt.1: Same HARQ-ACK codebook type as baseline (E///)

· Opt.2: HARQ-ACK codebook type can be separately configured (MTK, LGE)

· Separate sub-slot size (incl. slot/sub-slot) configurations (MTK, Pana)

· Separate HARQ process ID groups (MTK)

Issue 3.2.2: More than 2 codebooks?

· No: LGE, Samsung, QC, OPPO, Pana, Spreadtrum

Issue 3.2.3: CBG configuration is supported for Rel-16 URLLC
· Yes: LGE, Samsung

· No: DCM
Potential proposal:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, different PUCCH resources can be configured for different HARQ-ACK codebooks:
Potential proposal:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, different numbers or lengths of UL sub-slots in a slot can be configured for different HARQ-ACK codebooks.
Potential proposal:
In R16, up to two HARQ-ACK codebooks can be simultaneously constructed for supporting different service types for a UE.
3.3. Multiplexing rules between PUCCH and PUCCH
Key issue 3.2.1: Multiplexing HARQ-ACK codebooks with different service types in case of overlapped PUCCH resources
· Opt.1: Two HARQ-ACK codebooks for different service types can be multiplexed into a PUCCH under some conditions

· Considered by: HW, ZTE, Nokia, CATT, Fujitsu, OPPO, Sony, ETRI
· Opt.1: The condition is the required latency and/or coding rate impact after multiplexing
· Considered by: HW, ZTE, CATT, Fujitsu, OPPO
· Opt.2: The condition is to enabled by the gNB
· Considered by: Nokia

· Opt.2: No multiplexing i.e. dropping or puncturing one codebook

· Considered by: Intel, MTK, DCM, QC, vivo

HW proposal: 

For one PUCCH carrying eMBB UCI overlapping with another PUCCH carrying URLLC  UCI, these two UCIs should be multiplexed on one PUCCH with some additional restrictions taking into consideration of latency and/or coding rate impact after multiplexing. 
For overlapping of two URLLC HARQ-ACK in case of Type-1 codebook, enhanced multiplexing method to reduce the feedback redundancy is needed.
When more than two PUCCHs overlap and the timeline is partially satisfied, enhanced MUX method should be supported by considering the MUX order among these PUCCHs.
ZTE proposal: 

New conditions and methods should be considered for multiplexing overlapping PUCCHs containing URLLC PUCCH in one PUCCH (denoted as a new PUCCH), for example:
· The end of the new PUCCH is no later than the end of the URLLC PUCCH.
· The URLLC UCI and eMBB can be independently encoded, and then they are transmitted using the new PUCCH resource.
· The URLLC PUCCH can be transmitted through the punctured eMBB PUCCH in overlapping symbols.
Intel proposal: 

· If resources of two HARQ-ACKs overlap and the HARQ-ACKs belong to same HARQ codebook, UE multiplexes the HARQ-ACKs according to Rel-15 rules.

· If resources of two HARQ-ACKs overlap and the HARQ-ACKs belong to different HARQ codebooks, UE prioritizes and transmits the HARQ-ACK corresponding to the later DL transmission, and drops the other HARQ-ACK.

· If resources of multiple HARQ-ACKs overlap with SR and/or CSI, UE multiplexes them into one resulting PUCCH resource if the timeline and/or payload requirement is satisfied, e.g., following Rel-15 behavior, if the HARQ-ACKs correspond to same codebook.

· If resources of multiple HARQ-ACKs overlap with SR and/or CSI and if the HARQ-ACKs correspond to different codebooks, UE prioritizes and transmit the HARQ-ACK corresponding to later DL transmission, with or without multiplexing SR, and drops other HARQ-ACK and CSI.

· SR configuration can be exploited to identify when to prioritize SR if its resource overlaps with HARQ-ACK and/or CSI.

MTK proposal: 

· Proposal 13: Priority at PHY is determined by MAC layer for the purpose of PHY prioritization.   

· Proposal 14: URLLC SR should have priority over other UCI. Multiplexing with HARQ should only be allowed between same traffic type and PUCCH format. 
· Proposal 15: Deprioritize P/SP-CSI when it conflicts with URLLC SR or HARQ or PUSCH.
LGE proposal: 

·  If PUCCH resources carrying eMBB HARQ-ACK/SR/CSI and carrying URLLC HARQ-ACK are overlapped in time, 

· Multiplexing onto one PUCCH is supported. 

· Prioritizing one PUCCH over another PUCCH is supported.

· FFS details (e.g., dropping condition/timeline check/maximum coding rate/etc).
Nokia proposal: 

· SR priority (e.g. high or low priority) should be known at PHY. FFS whether the priority information is from MAC layer or based on SR configurations.
· Do not introduce different priority levels for CSI report.

· For the multiplexing and prioritization among UCIs, use the following rules as the starting point:

· High priority HARQ-ACK and high priority SR can be multiplexed on the same PUCCH.

· Periodic CSI is not multiplexed with high priority HARQ-ACK/SR on a PUCCH.

· In case of prioritization, priority rule for the UCI is defined as: high priority HARQ-ACK/SR > regular HARQ-ACK/SR > P-CSI.
OPPO Proposal:
· When SR triggered by URLLC collides with long PUCCH, the positive SR should be transmitted.
· URLLC HARQ-ACK and eMBB HARQ-ACK can be multiplexed into one channel if the multiplexing conditions and requirements are satisfied. 

vivo Proposal:
· Whether/how to support the case with more than one positive SR transmissions overlapping in time in PHY layer should be further study.
· Whether to define URLLC-specific CSI report or whether to differentiate service type for a CSI report should be FFS.
· Prioritization between URLLC SR and eMBB HARQ-ACK or CSI report should be considered to guarantee transmission of URLLC SR.

·  The prioritization can be based on SR transmission periodicity or RRC configurations.

· If SR is prioritized over HARQ-ACK/CSI report, dropping HARQ-ACK/CSI report and transmitting SR only can be considered

· FFS multiplexing if the reliability reduction and latency delay are acceptable.

Sony Proposal:
· When URLLC PUCCH and eMBB PUCCH collides, if the URLLC PUCCH has spare capacity, the eMBB’s HARQ-ACKs can be multiplexed into the URLLC PUCCH.

· If the URLLC PUCCH spare capacity cannot carry all the eMBB’s HARQ-ACKs then the HARQ-ACKs associated with later granted eMBB PDSCHs have priority.

· eMBB HARQ-ACKs that cannot be multiplexed into URLLC PUCCH are postponed to another PUCCH occasion.

NEC proposal:
Support simultaneous PUCCH transmissions for different service types by a UE in R16 as a UE capability.
The eMBB PUCCH/PUSCH transmission may be postponed or rate-matched when there is a collision with URLLC transmission.
InterDigital proposal:

· DCI scheduling PDSCH indicates the priority of corresponding HARQ-ACK. FFS if a new field is introduced.
· RRC configures priority of SR for each SR resource configuration.
· DCI scheduling PUSCH indicates its priority. FFS if a new field is introduced.

· RRC configures priority of PUSCH in the case of configured grant type 1
CAICT proposal:

· HARQ-ACK bits within a same time unit is to be multiplexed to one codebook.

· Multiplex the HARQ-ACKs within the same time unit into multiple codebooks according to the service type identified in PHY indications.

· When PUCCHs within one time unit for different services are overlapped, the PUCCH for low latency service should be prioritized.

· If multiple PUCCHs in different time units are overlapped, the PUCCH in shorter time unit would have higher priority.

4. Other proposed enhancements

4.1. PUCCH power control enhancements
Ericsson’s proposal: 
· 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: image2.png]


, closed-loop index) using DCI indication
HW’s proposal:
· Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.
Samsung’s proposal:

· PUCCH power control parameters are separately configured per UCI type.
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