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1. Introduction

In this paper, Tdocs submitted to RAN1#98bis on this issue and offline discussion status will be summerized.

2. Multiple PUCCHs for HARQ-ACK within a slot for a service type
2.1. Agreements in previous meetings

In SI:
Agreements:

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

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.
Agreements:

For sub-slot-based HARQ-ACK feedback procedure, K1 is the number of sub-slots from the sub-slot containing the end of PDSCH to the sub-slot containing the start of PUCCH. 
· Use UL numerology to define the sub-slot grid for PDSCH-to-sub-slot association.
· FFS: The configurable value range of K1 needs to be extended, and impact to related DCI field bitwidth.
· Note: It has been agreed that K1 is defined following R15 approach but in unit of sub-slot.
Agreements:

For sub-slot-based HARQ-ACK feedback procedure, the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot

· For a given sub-slot configuration, a UE can be configured with PUCCH resource set(s)

· FFS same or different PUCCH resource sets can be configured for different sub-slots within a slot.
Agreements:

At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.

· At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.

· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.

· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.

· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots

· FFS for other sub-slot configurations, if any.

· FFS: If a PUCCH resource across sub-slot boundary is supported.

2.2. Remaining issues on sub-slot-based HARQ-ACK feedback procedure
Issue 2.2.1: Allowing PUCCH resource across sub-slot boundary or not?

· Yes: HW, ZTE, Nokia, Intel, LGE, Pana, MTK, DCM, OPPO, Xiaomi, Motorola Mobility, Lenovo, China Telecom, Spreadtrum, E///
· Arguments: 

· The sub-slot duration can be configured following latency requirement, not coverage requirement. Then a better coverage can be achieved with a PUCCH resource across slot boundary, if the PUCCH resource starts from a sub-slot near the front.

· Can avoid frequent RRC reconfigurations for changing sub-slot configuration (which may also be slow).

· Problems:

· If only sub-slot-common PUCCH configuration is supported, PUCCH resource sifting is needed: Since a PUCCH resource longer than sub-slot duration can be configured which may cross the slot boundary, only a subset of PUCCH resources (e.g. not across slot boundary) can be applied in the configured PUCCH RESET. Thus the number of applicable PUCCH resources may be reduced. And if configuring a larger number of PUCCH resources than that can be indicated (by PRI+implicit), an additional sifting mechanism is needed, e.g. the PUCCH resources with smaller indices are chosen.
· Most of companies think that gNB needs to avoid the collision between two HARQ-ACKs with the same priority (regarded as an error case by UE). Intel proposes to consider that the PUCCH resources in the later sub-slot that are overlapped by the PUCCH from previous UL sub-slot are assumed as not available in the case. Indeed, this can be realized by leaving it up to gNB to avoid collisions between PUCCHs belonging to consecutive sub-slots. 
· For a PUCCH#1 scheduled in sub-slot m and PUCCH#2 scheduled in sub-slot m+1, it should be noted that gNB CANNOT avoid a collision if it has scheduled PUCCH#2 in sub-slot m+1 BEFORE it schedules PUCCH#1 in sub-slot m and it needs PUSCH#1 to cross sub-slot boundary. (Sony) 
· No: CATT, Pana (multi-sub-slot tx for a longer PUCCH) , Samsung, Fujitsu, vivo, Sony, Sharp
· Arguments: 
· The sub-slot duration should be configured following coverage requirement. Temporarily extending coverage is not necessary.
· Avoid PUCCH resource overlapping.
Issue 2.2.2: Additionally support sub-slot-specific PUCCH resource configuration or not?
· Yes:

· HW, ZTE, Nokia, LGE, China Telecom, DCM
· Arguments: 
· Can avoid PUCCH resource sifting mechanism if allowing PUCCH resource across sub-slot boundary, e.g. long PUCCH resources can only be configured for the sub-slots near the front.

· Can adapt to DL/UL configurations in different sub-slots in TDD systems.

· Better for a sub-slot configuration with unequal sub-slots (4 sub-slots per slot).
· No:

· Samsung, CATT, E///, OPPO, QC, vivo, Xiaomi, Pana, Spreadtrum, Fujitsu, ETRI, Intel
· Arguments: 
· Sub-slot configuration is UE-specific. No need to configure different PUCCH resource sets for a UE. 
· Avoid excessive RRC overhead.

· For unequal-length sub-slots, PUCCH length can be adjusted based on the sub-slot/slot boundary.
Options to be discussed:
At least for sub-slot configurations “2-symbol*7” and “7-symbol*2”, down-select from belows:
· Opt.0: In the PUCCH resource configuration applicable for all the sub-slots in a slot, PUCCH resources are configured following R15 but replacing “slot” by “sub-slot” (i.e. not across sub-slot boundary). 

· Opt.1: In the PUCCH resource configuration applicable for all the sub-slots in a slot, PUCCH resources can cross sub-slot boundary. 
· PUCCH transmission does not cross slot boundary. FFS details on how to guarantee this.

· A UE does not expect the collision between two HARQ-ACKs with the same priority.
· Opt.2: Take Opt.0. And a PUCCH resource configuration can be additionally configured for (a) sub-slot(s), replacing the sub-slot-common PUCCH resource configuration for the sub-slot(s).
· PUCCH resources in sub-slot-specific PUCCH resource configuration can cross sub-slot boundary, but cannot cross slot boundary.

· A UE does not expect the collision between two HARQ-ACKs with the same priority.
Issue 2.2.3: Additional sub-slot configurations?

· No: CATT, Samsung, Fujitsu, Xiaomi
· 3 sub-slots per slot: Sony ({7, 4, 3} and {3, 4, 7})
· 4 sub-slots per slot: ZTE (4, 3, 4, 3), E/// (4, 3, 4, 3), QC, DCM (4, 3, 4, 3), Spreadtrum, Sharp (4, 3, 4, 3), ETRI, China Telecom ({4, 3, 4, 3} and {3, 4, 3, 4})
· 14 sub-slot per slot: ZTE, E///, vivo
· A sub-slot configuration is configured as a set of sub-slot widths (in unit of OFDM symbols), adding up to 14: Nokia
Issue 2.2.4: Applicability of Type I HARQ-ACK codebook for sub-slot HARQ feedback procedure?

· Yes: HW, ZTE, DCM, WILUS, Spreadtrum 
· No or low priority: Intel, CATT, Samsung, Pana, vivo, Fujitsu, ETRI
	
	Pros
	Cons

	Support Type I HARQ-ACK codebook for sub-slot-based HARQ-ACK feedback procedure
	· Aligned with R15

· Reduce DCI overhead

· Robustness to DCI mis-detection which is essential for high-reliability services (especially for the short UCI without CRC)

· More applicable for SPS/periodic PDSCH

· Loose coordination between CCs in CA case (DCM)

· Feedback redundancy may not be essential for high-reliability services, and can be reduced by configuring a small K1/SLIV set, a K1 set matched to periodic traffic, or a pruning algorithm
	· Inefficiently large HARQ-ACK payload in case of large number of sub-slots in a slot

· Increase PUCCH overhead

· URLLC PDCCH is more reliable
· DAI counter mechanism in Type-2 HARQ codebook is reliable with URLLC traffic alone.
· R16 URLLC services do not require CA (Samsung)

· Specification efforts




Issue 2.2.5:  Extend range of configurable K1?

· Opt.1: Extended to 31 or 63: Intel (possibly as a function of UL SCS).

· Opt.2: Not extended: E///, Samsung, QC, Spreadtrum, CMCC (but K1 value range can be separately configured for different sub-slot configurations), InterDigital

· Arguments: A large K1 is not necessary for low-latency services.

2.3.  “Codebook-less HARQ”
Issue 2.2.1: Use “Codebook-less HARQ” or not as a complementary to slot-based and sub-slot-based HARQ-ACK procedures?

· Yes: MTK, Samsung (reuse R15), WILUS
MTK proposals: 

Observation 1: Further enhancements to sub-slot partitioning (e.g. to sub-slot size and separate configurability of PUCCH resources per sub-slot) could be avoided by supporting complementary, codebook-less HARQ procedure. 

Observation 2: Complementary codebook-less HARQ procedure can allow choosing coarser or no partitioning for the codebook-based procedure. This benefits scheduling and HARQ multiplexing.

Proposal 2: Use “Codebook-less HARQ” as a complementary procedure, simultaneously to the codebook-based procedure. The number of PUCCH’s carrying codebook-less HARQ in a (sub-)slot needs not be restricted.  

Proposal 3: To avoid signalling overheads, a configurable special K1 (index) value could select codebook-less HARQ_ACK sending.

Proposal 4: For codebook-less procedure, the PUCCH resource assigned by the PRI should be sent in the earliest sub-slot for which the PUCCH resource abides by the N1 UE timeline.

Samsung proposals: 

Proposal 2: Configuration of a HARQ-ACK codebook is not mandatory and the Rel-15 non-codebook based transmission of HARQ-ACK information remains applicable for Rel-16 URLLC.

WILUS proposals: 

Proposal 3: Support the codebook-less transmission in Rel-16 URLLC

· The codebook-less transmission is to report HARQ-ACK information for a single PDSCH without multiplexing other PDSCHs

· The codebook-less transmission can be indicated via an existing field in a scheduling DCI

	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.)


2.4. Other enhancements
Issue 2.4.1: Support multiple HARQ-ACKs colliding with other PUCCH?
· Enhance multiplexing mechanism to support this scenario: HW

· Not support this scenario (treated as an error case): CATT
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Issue 2.4.2: UCI multiplexing on DMRS symbols of PUSCH

· Support UCI multiplexing on DMRS symbols of PUSCH: CATT
Issue 2.4.3: Can HARQ-ACK be omitted in case latency requirement cannot be met?

· Yes: OPPO (Dynamical indication, based on K1, to UE the HARQ-ACK for one URLLC PDSCH is not transmitted should be considered, ETRI (implicitly indication)
· No: Samsung

· Minor optimization as the network operation can always choose to ignore a HARQ-ACK reception. Moreover, relative HARQ-ACK overhead or UE power consumption are minimal and HARQ-ACK information can still be used by the network for other purposes such as link adaptation.

· With proper PUCCH/PUSCH resource prioritization (when colliding) and UCI multiplexing rule, HARQ-ACK without meeting latency requirement should not occur.   
3. Separate HARQ-ACK codebook constructions for different service types
3.1. Agreements in previous meetings

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:

· When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,  all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks except for following:
· FFS: For PUCCH-SpatialRelationInfo
· Note: SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList are not related to HARQ-ACK feedback.
· FFS: For other UCI types, e.g. SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList.
· FFS: At least one HARQ-ACK codebook follows R15 PUCCH configuration.
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, following can be separately configured for different HARQ-ACK codebooks:
· PUCCH-SpatialRelationInfo

· Sub-slot configuration (only applied for the sub-slot-based HARQ-ACK codebook)

· FFS whether or not to support the case when there are at least two HARQ-ACK codebooks configured with sub-slots, with the same or different sub-slot configurations
3.2. Remaining issues on RRC configurations for multiple HARQ-ACK codebooks
Issue 3.2.1: Restriction to number of HARQ-ACK codebooks and sub-slot configurations.
· Opt.1: R16 supports up to 2 HARQ-ACK codebooks to be simultaneously constructed. And when 2 HARQ-ACK codebooks are simultaneously constructed, one HARQ-ACK codebook is slot-based (i.e. R15) and one HARQ-ACK codebook is sub-slot-based (i.e. sub-slot configuration is configurable): 
· HW, ZTE, E///, MTK, QC, Pana, CATT, Samsung, Spreadtrum, Fujitsu, ETRI
· Arguments: 

· Slot-based provides default functions which must be configured.

· Too much standardization efforts to support more than 2 sub-slot HARQ-ACK codebooks in R16, considering collision between two URLLC HARQ-ACK codebooks is possible.
· Opt.2: Sub-slot configuration (incl. slot or sub-slot-based) of all HARQ-ACK codebooks can be separatedly configured.

· Intel (up to 3 HARQ-ACK codebooks), Nokia (up to 2 HARQ-ACK codebooks), LGE(up to 2 HARQ-ACK codebooks), vivo, Apple, InterDigital (more than 2 HARQ-ACK codebooks), DCM(up to 2 HARQ-ACK codebooks)
Potential proposal: 

R16 supports up to 2 HARQ-ACK codebooks to be simultaneously constructed. 

· In case 2 HARQ-ACK codebooks are simultaneously constructed, one HARQ-ACK codebook is slot-based (i.e. R15) and one HARQ-ACK codebook is sub-slot-based (i.e. sub-slot configuration is configurable).
Issue 3.2.2: Other separately configured RRC parameters?
· SchedulingRequestResourceConfig
· Yes: Samsung, vivo
· No: Nokia, DCM
· multi-CSI-PUCCH-ResourceList
· Yes: Samsung
· No: Nokia, vivo, DCM
· PDSCH-HARQ-ACK-Codebook
· Nokia (to be included in PUCCH-Config), DCM, CAICT
· PDSCH-TimeDomainResourceAllocationList in PDSCH-Config
· Nokia, QC, InterDigital
· BetaOffsetACK parameters in PUSCH-PowerControl
· Nokia
· codeBlockGroupTransmission in PDSCH-ServingCellConfig
· Nokia
Offline proposal: 

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, PDSCH-HARQ-ACK-Codebook can be separately configured.
Issue 3.2.3: Separate UCI-OnPUSCH configurations

Samsung proposal:

Proposal 8: A UE is provided separate configurations for UCI-OnPUSCH for different priority types. 
· Supported by InterDigital
3.3. Other enhancements 
Issue 3.3.2: Simultaneous multiple UL Tx

Support simultaneous PUSCH and PUCCH transmissions by a UE capable of UL CA. 

· Samsung, Nokia, MTK, NEC, DCM
Nokia proposal:

Proposal 3-18: Assuming the support of simultaneous transmission of PUCCH and PUSCHs when PUCCH and PUSCHs are transmitted on different cells, the following rules can be applied:

· in the first step, checking the channels over primary and secondary cells with the same priority and applying the proposed handling (i.e. multiplexing/prioritization) rules. 

· in the second step, checking if the multiplexed/prioritized remaining channels are overlapping on primary cell, in which case the low priority channel is dropped, while the PUSCHs on the secondary cells will be transmitted.

4. PHY priority and intra-UE collision handling
4.1. Agreements in previous meetings

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
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below 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 
· FFS additional option(s) for Type I HARQ-ACK codebook

FFS: For SPS PDSCH (including SPS release PDCCH)

Working assumption:

Support that SR priority (e.g. high or low priority) is known at PHY layer. 
· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 

· FFS how the SR priority is known

Agreements:

Reuse the R15 mechanism for the following scenarios:

· A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b)

· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.

· FFS SR with HARQ-ACK in PF 2, 3, 4

· URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met

· To conclude by RAN1#98b for the error cases per R15 (especially for the cases when the timeline is not met)

Agreements:

In case URLLC (i.e., high priority) HARQ-ACK collides with eMBB (i.e., low priority) SR, down-select from options below (to conclude RAN1#98b):

· Option 1: Drop eMBB SR

· Option 2: Multiplex URLLC HARQ-ACK and eMBB SR if the multiplexing rule is met. Otherwise, drop eMBB SR. 

· FFS the details of the rule, e.g.
· Timeline

· Latency 

· Reliability
· PUCCH formats
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) SR, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK 

· Option 2: Multiplex eMBB HARQ-ACK and URLLC SR if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK

· FFS the details of the rule, e.g.
· Timeline

· Latency 

· Reliability
· PUCCH formats, e.g. SR on PF0 collides with HARQ-ACK on PF1/3/4
· FFS: Resending HARQ-ACK or not after dropping.
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) HARQ-ACK, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK. 

· Option 2: Multiplex eMBB HARQ-ACK and URLLC HARQ-ACK if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK

· FFS the details of the rule, e.g.
· Timeline

· Latency 

· Reliability
· Pre-defined rules or configurable rules or dynamically-indicated multiplexing
· FFS: Resending HARQ-ACK or not after dropping.

FFS details in case of a channel/signal being dropped in handling of collision of UL channels/signals

High proriorty vs. low priority HARQ-ACK is made known at the PHY layer (note: for SR, it’s agreed earlier)

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,
· In case of SPS PDSCH, the following options for identifying a HARQ-ACK codebook (to down-select, combinations are not precluded)

· Opt.1: By SPS PDSCH configurations 

· Opt.2: By the DCI activating the SPS PDSCH 

· Opt.3: By the CORESET where the activating DCI is received
And in RAN#85, the objective of intra-UE colllision in IIoT WID was updated as below [28].
2. The detailed objectives for NR intra-UE prioritization/multiplexing are:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].

· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].

· Address UL data/control and control/control resource collision by (L1 multiplexing of services of different priority is out of scope):

· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].

· specifying prioritization behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].

4.2. How to determine the PHY priority
This part is summarized in the summary of email discussion [98-NR-14] [29].

4.3. Collision handling between over 2 channels 

Potential proposal (UCI vs. PUSCH with high priority):
Scenario 01: In case a high-priority SR collides with a high-priority HARQ-ACK, 
· A positive SR in PF0 vs a HARQ-ACK in PF1
· Proponents: HW, Nokia (as in Table 4.3.1-2), Sony (multiplexed and transmitted using the PUCCH with PF0), WILUS (multiplexing 1-bit SR and 1-bit HARQ-ACK via PF1)
· A positive SR vs a HARQ-ACK in PF 2, 3, 4

· Proponents: OPPO (as in Table 4.3.1-1), Nokia (as in Table 4.3.1-2), Sony (see proposal below)
Scenario 04: In case a high-priority SR collides with a high-priority URLLC PUSCH, reuse R15 mechanism.
Scenario 05: In case a high-priority HARQ-ACK collides with a high-priority PUSCH when the timeline is not met,
· Opt.2a: Prioritize the later-scheduled and drop the earlier one.

· HW
· Opt.2b: Scheduled transmissions are prioritized, and configured transmissions are dropped. Among the overlapping scheduled transmissions, the latest one is kept, and the earlier ones are dropped.
· E///

· Opt.2c: Drop HARQ-ACK.
· Nokia, DCM
· Opt.2d: The HARQ-ACKs corresponding to DL Grants arriving after the UL Grant are not multiplexed with the PUSCH.
· Sony

Offline proposal
For intra-UE collision handling, in case a high-priority UL transmission collides with a low-priority UL transmission, drop the low-priority UL transmission if the timeline condition is satisfied.
· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.

· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR.
· FFS details of dropping behaviours.
· FFS details of processing timeline issues, e.g.

· How to handle the case where the timeline condition is not satisfied.

· Necessity of a new timeline.

Offline proposal:
· In case a low-priority SR, HARQ-ACK or PUSCH collides with a P/SP-CSI on PUCCH, reuse the Rel-15 mechanism.
Offline proposal (CSI-related):
· Scenario 09, 13, 17: In case a low-priority SR, HARQ-ACK or PUSCH collides with a P/SP-CSI on PUCCH, reuse the Rel-15 mechanism.

· Scenario 02, 03, 06: In case a high-priority SR (if positive), HARQ-ACK or PUSCH collides with P/SP-CSI on PUCCH, drop the P/SP-CSI.

Offline proposal (URLLC UCI vs. eMBB UCI):
· Scenario 07: In case two SRs with different priorities collide with each other, drop the SR with the lower priority if the SR with the higher priority is positive.
· Scenario 08: In case a high-priority HARQ-ACK collides with a low-priority SR, drop the SR.
· Scenario 11: In case a low-priority HARQ-ACK  collides with a high-priority SR, drop the HARQ-ACK if the SR is positive.

· Scenario 12: In case two HARQ-ACKs with different priorities collides with each other, drop the HARQ-ACK with the lower priority.
Offline proposal (UCI vs. PUSCH with different priorities):
· Scenario 10: In case a low-priority SR collides with a high-priority PUSCH, drop the SR.
· Scenario 14: In case a low-priority HARQ-ACK collides with a high-priority PUSCH, drop the HARQ-ACK.
· Scenario 15: In case a high-priority SR collides with a low-priority PUSCH, drop the PUSCH if the SR is positive. Otherwise, transmit PUSCH.
· Scenario 16: In case a high-priority HARQ-ACK collides with a low-priority PUSCH, drop the PUSCH.

Offline proposal (PUSCHs with different priorities):

· Scenario 18: In case two PUSCHs with different priorities collides with each other, drop the PUSCH with the lower priority.
4.3.1 URLLC - URLLC collision scenarios

It has been agreed in RAN1#98 that R15 mechanism is reused for Scenario 1 (URLLC SR vs. URLLC HARQ-ACK) and Scenario 4 (URLLC SR vs. URLLC PUSCH). 
Scenario 01: In case URLLC SR collides with URLLC HARQ-ACK, prioritize the SR and drop the HARQ-ACK in following cases (Note: It has been agreed to follow R15 in other cases):
· A positive SR in PF0 vs a HARQ-ACK in PF1
· Proponents: HW, Nokia (as in Table 4.3.1-2), Sony (multiplexed and transmitted using the PUCCH with PF0), WILUS (multiplexing 1-bit SR and 1-bit HARQ-ACK via PF1)
· A positive SR vs a HARQ-ACK in PF 2, 3, 4

· Proponents: OPPO (as in Table 4.3.1-1), Nokia (as in Table 4.3.1-2), Sony (see proposal below)
Table 4.3.1-1: Collision between URLLC SR and URLLC HARQ-ACK
	SR
	HARQ-ACK

	
	PF0
	PF1
	PF2
	PF3/4

	PF0
	-
	Only one UCI is transmitted based on UE implementation.
	Rel-15 Multiplexing
	If SR Periodicity ≥ PF3/4 length, SR is multiplexed with HARQ-ACK; 
Otherwise, HARQ-ACK PUCCH is punctured or dropped.

	PF1
	Not support
	-
	Rel-15 Multiplexing
	Rel-15 Multiplexing 


Table  4.3.1-2: Rules for handling collisions between high priority SR and high priority HARQ-ACK

	
	HARQ-ACK with F0
	HARQ-ACK with 

F1
	HARQ-ACK with F2
	HARQ-ACK with 

F3 or F4

	SR with F0
	Send both on HARQ-ACK resource; similar to Rel-15 rule.
	Drop HARQ-ACK and send SR on SR resource when SR is positive, and transmit HARQ-ACK on HARQ-ACK resource when SR is negative.
	Send both on HARQ-ACK resource; in a similar way as in Rel-15.
	Drop HARQ-ACK and send SR on the SR resource.


	SR with F1
	Send both on HARQ-ACK resource; similar to Rel-15 rule.
	Follow Rel-15 rule, i.e., transmit HARQ-ACK on SR resource when SR is positive, and transmit HARQ-ACK on HARQ-ACK resource when SR is negative.
	
	


Sony proposal:

Proposal 9: For the case when a positive URLLC SR collides with URLLC HARQ-ACK with PF 2, 3 or 4 and if the maximum code rate is exceeded for carrying SR and HARQ-ACK bits when the maximum number of PRBs are used then:

· If all the HARQ-ACK are positive (ACK) then transmit only the SR

· If one or more of the HARQ-ACK is negative (NACK) then transmit only the HARQ-ACKs.  The gNB being aware of such collision will provide an UL Grant assuming the SR is positive

Scenario 04: URLLC SR vs. URLLC PUSCH
· Opt.1: Reuse R15 mechanism (i.e. Drop SR)
· HW, ZTE, LGE, Pana, MTK, DCM, Spreadtrum, vivo, NEC, Apple, ETRI
· Opt.2: Wait for RAN2 conclusion

· Intel

Scenario 05: URLLC HARQ-ACK vs. URLLC PUSCH
· Opt.1: Reuse R15 mechanism
· ZTE, CATT, Samsung, OPPO, Intel, LGE, Pana, MTK, Spreadtrum, vivo, NEC, Apple, ETRI (FFS applicable K1 timing for PUSCH repetition)
· Opt.2: Reuse R15 mechanism (multiplexing HARQ-ACK into PUSCH) if the timeline is satisfied. Otherwise, enhancement is needed:
· Opt.2a: Prioritize the later-scheduled and drop the earlier one.
· HW
· Opt.2b: Scheduled transmissions are prioritized, and configured transmissions are dropped. Among the overlapping scheduled transmissions, the latest one is kept, and the earlier ones are dropped.
· E///

· Opt.2c: Drop HARQ-ACK.
· Nokia, DCM
· Opt.2d: The HARQ-ACKs corresponding to DL Grants arriving after the UL Grant are not multiplexed with the PUSCH.
· Sony

4.3.2 eMBB - CSI collision scenarios
Scenario 09: eMBB SR collides with CSI
· Opt.1: Reuse R15 mechanism
· HW, ZTE, Intel, Nokia, LGE, Pana, MTK, Spreadtrum, vivo, NEC, Apple, InterDigital
· Opt.2: For eMBB SR collides with P-CSI/SP-CSI in PUCCH, reuse R15 mechanism. For eMBB SR collides with A-CSI in PUSCH, it depends on the priority of A-CSI indicated in trigged DCI. If A-CSI is for eMBB, reuse R15 mechanism; if A-CSI is for URLLC, drop eMBB SR.

· DCM, ETRI
Scenario 13: eMBB HARQ-ACK collides with CSI

· Opt.1: Reuse R15 mechanism
· HW, ZTE, Intel, Nokia, LGE, Pana, MTK, Spreadtrum, vivo, Apple, InterDigital
· Opt.2: For eMBB HARQ-ACK collides with P-CSI/SP-CSI in PUCCH, reuse R15 mechanism. For eMBB HARQ-ACK collides with A-CSI in PUSCH, it depends on the priority of A-CSI indicated in trigged DCI. If A-CSI is for eMBB, reuse R15 mechanism; if A-CSI is for URLLC, drop eMBB HARQ-ACK.
· DCM, ETRI
Scenario 17: eMBB PUSCH collides with CSI

· Opt.1: Reuse R15 mechanism
· HW, ZTE, Nokia, LGE, Pana, MTK, Spreadtrum, vivo, NEC, Apple, InterDigital
· Opt.2: Reuse R15 mechanism if DG-PUSCH. Multiplex if CG/SPS-PUSCH is of low priority, otherwise drop CSI
· Intel
· Opt.3 For eMBB PUSCH collides with P-CSI/SP-CSI in PUCCH, reuse R15 mechanism. For eMBB PUSCH collides with A-CSI in PUSCH, it depends on the priority of A-CSI indicated in trigged DCI. If A-CSI is for eMBB, reuse R15 mechanism; if A-CSI is for URLLC, drop eMBB PUSCH.
· DCM, ETRI
4.3.3 URLLC - CSI collision scenarios

Scenario 02: URLLC SR collides with P-CSI/SP-CSI on PUCCH

· Opt.1: Drop CSI and prioritize URLLC SR (if SR is positive).
· HW, ZTE, CATT, Intel, Nokia, LGE, Pana, MTK, DCM, Spreadtrum, vivo, NEC, Apple, InterDigital, Sony, ETRI
Scenario 03: URLLC HARQ-ACK collides with P-CSI/SP-CSI on PUCCH
· Drop CSI and prioritize URLLC HARQ-ACK. 
· HW, ZTE, CATT, Nokia, LGE, Pana, MTK, DCM, Spreadtrum, vivo (drop or puncture CSI) , NEC, InterDigital, Sony, ETRI
· Multiplexing CSI and HARQ-ACK as in Rel-15
· Apple
Scenario 06: URLLC PUSCH collides with CSI

· Opt.1: Drop CSI and prioritize URLLC PUSCH. 
· HW, ZTE, CATT, Nokia, LGE, Pana, MTK, Spreadtrum, vivo, NEC, InterDigital, Sony
· Opt.2: Reuse R15 mechanism
· Apple
· Opt.3: Reuse R15 mechanism if DG-PUSCH. Multiplex if CG/SPS-PUSCH is of low priority, otherwise drop CSI
· Intel
· Opt4: For URLLC PUSCH collides with P-CSI/SP-CSI in PUCCH, drop CSI and prioritize URLLC PUSCH. For URLLC PUSCH collides with A-CSI in PUSCH, it depends on the priority of A-CSI indicated in trigged DCI. If A-CSI is for eMBB, drop CSI; if A-CSI is for URLLC, reuse R15 mechanism.

· DCM, ETRI
4.3.4 URLLC UCI – eMBB UCI collision scenarios

Scenario 07: Two SRs with different priorities collide with each other

· Opt.1: Drop the SR with the lower priority if the SR with the higher priority is positive.
· ZTE, CATT, Samsung, E///, Nokia, LGE, Pana, DCM, CMCC, NEC, Apple, InterDigital, Sony, ETRI (with FFS repetition case where the dropped SR may resume)
· Opt.2: Up to UE implementation.

· HW, Spreadtrum
· Opt.3: To be discussed by RAN2 if necessary.

· Vivo, Intel
Scenario 08: URLLC HARQ-ACK collides with eMBB SR

· Drop eMBB SR
· HW, ZTE, CATT, Samsung, E///, Nokia, LGE, Pana, MTK, DCM, Spreadtrum, CMCC, vivo, NEC, Apple, InterDigital, ETRI, Intel
Scenario 11: eMBB HARQ-ACK collides with URLLC SR

· Drop eMBB HARQ-ACK
· HW, ZTE, CATT, Samsung, E///, Nokia, LGE, Pana, MTK, DCM, Spreadtrum, CMCC, vivo, Apple, InterDigital, ETRI, Intel
Scenario 12: eMBB HARQ-ACK collides with URLLC HARQ-ACK

· Drop eMBB HARQ-ACK. 
· HW, ZTE, CATT, Samsung, E///, Nokia, LGE, Pana, MTK, DCM, Spreadtrum, CMCC, vivo, Apple, InterDigital, Sony, ETRI, Intel
4.3.5 URLLC PUSCH – eMBB UCI collision scenarios

Scenario 10: eMBB SR collides with URLLC PUSCH
· Drop eMBB SR (i.e. as in R15)
· HW, CATT, Samsung, E///, Intel, Nokia, LGE, Pana, MTK, DCM, Spreadtrum, CMCC, vivo, NEC, Sony, Apple, InterDigital, ETRI
Scenario 14: eMBB HARQ-ACK collides with URLLC PUSCH

· Drop eMBB HARQ-ACK

· HW, ZTE, CATT, Samsung, E///, Intel, Nokia, LGE, Pana, MTK, DCM, Spreadtrum, CMCC, Sony, Apple, InterDigital, ETRI
4.3.6 eMBB PUSCH – URLLC UCI collision scenarios

Scenario 15: eMBB PUSCH collides with URLLC SR
· Drop eMBB PUSCH if SR is positive. Otherwise, transmit eMBB PUSCH
· HW, ZTE, CATT, Samsung, E///, Intel, Nokia, LGE, Pana, MTK, Spreadtrum, CMCC, vivo (drop or puncture PUSCH) , NEC, Sony, Apple, InterDigital, DCM, ETRI
Scenario 16: eMBB PUSCH collides with URLLC HARQ-ACK

· Drop eMBB PUSCH

· HW, ZTE, CATT, Samsung, E///, Intel, Nokia, LGE, Pana, DCM, Spreadtrum, CMCC, vivo, NEC, Sony, Apple, InterDigital, ETRI
4.3.7 URLLC PUSCH – eMBB PUSCH collision scenarios

Scenario 18: URLLC PUSCH collides with eMBB PUSCH

· Drop eMBB PUSCH

· HW, ZTE, CATT, Samsung, E///, Nokia, LGE, Pana, DCM, Spreadtrum, CMCC, NEC, Sony, Apple, InterDigital, ETRI
· Defer to RAN2 on this issue. 

· Intel
4.4. Collision handling between over 2 channels
Discussion status in RAN1#98 seems to be supported by most of companies:

To resolve collision between PUCCHs and/or PUSCHs with different service types, a UE performs the belows: 

· Step 1: Resolve collision between PUCCH/PUSCH with same service type (a.k.a. same priority) if the priority can be identified. 

· Step 2: Resolve collision between PUCCH/PUSCH with different service types (a.k.a. different priorities) if the priority can be identified.

· UE does not expect that further collisions to be resolved after Step 2.

· If a low priority (e.g. eMBB) PUCCH or PUSCH collides with more than one higher priority (e.g. URLLC) PUCCH or PUSCH, the low priority (e.g. eMBB) PUCCH or PUSCH is dropped.

· FFS: If priority of PUSCH and HARQ-ACK is needed.
Nokia proposal:

Proposal 3-15: For the scenarios where more than two high-priority channels overlap, the collision is handled in a sequential way, and a decision is made whenever a new channel becomes ‘ready’ at PHY and causes collision: 

· If the new channel causes the overlapping of two channels, apply the proposed handling rules for the two overlapping channels. If the resulting channel overlaps: (i) with a PUSCH or positive SR for which the content is delivered to PHY after the handling rule was applied, then the later one gets prioritized and the former one is dropped, or (ii) with a HARQ-ACK which is generated after the handling rule was applied, then the former channel is prioritized and HARQ-ACK is dropped.

· FFS the case where the new channel causes the overlapping of more than two channels.

4.5. Details of dropping a channel

Issue 4.5.1: UE behaviour of dropping a channel
ZTE proposals:

Observation 1: It is beneficial for the network to know the exacting ending symbol of the dropped channels/signals in that the network can re-allocate the remaining resources to other transmissions or other UEs, or try to decode the partially transmitted low priority channels/signals. 
Proposal 9: For canceling an on-going low priority PUSCH, it needs to define the ending symbol of the low priority PUSCH transmission.
Proposal 10: Support transmission of a new TB on the remaining resource, if any, which caused by canceling the low priority PUSCH in case of UL resource conflicts.
Nokia proposal:

Proposal 3-19: In case a UE drops the transmission of a channel due to collision with another channel, the UE cancels (including stopping) the transmission of the dropped channel as early as possible but no later than the first symbol of the other channel.

Issue 4.5.2: UE behaviour after dropping a channel
· Opt.1: Retransmit the dropped eMBB HARQ-ACK
· OPPO, MTK, ETRI, WILUS
· Opt.2: No retransmission of dropped UCI
· Nokia, Sharp
5. Other proposed enhancements
5.1. PUCCH power control enhancements
HW proposals:
Proposal 17: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.
Samsung proposals:

Proposal 5: 
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 is separately configured per UCI type.

Proposal 6: For a PUCCH transmission with HARQ-ACK information in response to a PDSCH scheduled by a DCI format, the DCI format indicates an open-loop power control parameter set.
Proposal 7: A UE can be configured to transmit SR with power ramping.  
Apple proposal:  

DCI is used to dynamically indicate one power control parameter for a given PUCCH transmission.

5.2. PUCCH reliability enhancements
Issue 5.2.1: maxCodeRate enhancement
CMCC proposals:

Proposal 2: the reliability of URLLC PUCCH needs to be enhanced and the following options can be considered:

Option 1: Some entries with lower code rate (i.e. 0.03 0.05…) can be added to the table of maxCodeRate;

Option 2: Two PUCCH maxCodeRate tables can be defined for different service types/ different HARQ codebooks and the PUCCH maxCodeRate table for URLLC can be generated by adding some entries with lower code rate and removing entries with higher code rate;

Option 3: A beta offset can be added to r when determining the minimum number of PRBs for PUCCH resource for PUCCH format 2 or PUCCH format 3.
Issue 5.2.2: DAI enhancement
vivo proposal:

The following DAI mechanism for URLLC service can be considered,

·  Alt1: separate counter/total DAI for different service types based on ,e.g., PHY differentiation (if specified)

· Alt 2: no counter/total DAI for URLLC DCI and URLLC service identification based on new DCI format/RNTI/PHY differentiation (if specified)

NEC proposal:

The reliability of URLLC service can be improved by enhancing the definition of DAI counters for the dynamic HARQ-ACK codebook.
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