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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

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.
Agreements:

Any sub-slot PUCCH resource is not across sub-slot boundaries. 
2.2. Remaining issues on sub-slot-based HARQ-ACK feedback procedure
Issue 2.2.1: Additional sub-slot configurations?

· No: MTK (Support complementary codebook-less HARQ), CATT, Fujitsu

· 1 sub-slot per slot (i.e. 14-symbol sub-slot): Samsung 

· 4 sub-slots per slot: ZTE (4, 3, 4, 3), E/// (4, 3, 4, 3), Pana, QC, DCM (4, 3, 4, 3), Spreadtrum, Sharp (4, 3, 4, 3), ETRI, China Telecom ({4, 3, 4, 3} and {3, 4, 3, 4}), Apple (4, 3, 4, 3)

· 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 2.2.2: Applicability of Type I HARQ-ACK codebook for sub-slot HARQ feedback procedure?

· Yes: HW, E///, ZTE, LGE, Nokia, CMCC, DCM, WILUS, Spreadtrum, QC

· No or low priority: Intel, CATT, China Telecom, Pana, vivo, Apple, Samsung, MTK
	
	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.
· Scheduler can limit Type-2 codebooks to report on four or less DCI’s to guarantee with 100% the wrap-over of the DAI counter (MTK)

· Type-1 needs to keep the DAI field to support selective HARQ-ACK feedback. (MTK)

· Restriction on K1 and SLIV reduce the chance for multiplexing HARQ-ACK information onto the same codebook. (MTK)
· R16 URLLC services do not require CA (Samsung)

· Specification efforts




Issue 2.2.3:  Extend range of configurable K1?

· Opt.1: Extended to 31 or 63: Intel (possibly as a function of UL SCS), CMCC (dependent on sub-slot configuration), ZTE

· Opt.2: Not extended: E///, Nokia, Spreadtrum, IDC, Apple, Samsung
· Arguments: A large K1 is not necessary for low-latency services.

Issue 2.2.4: How to receive DCI format 1_0 when two sub-slot codebooks are configured?

· Opt.1: One sub-slot-based codebook is replaced by a slot-based codebook when DCI format 1_0 is received.

· OPPO

Issue 2.2.5: More than one HARQ-ACKs colliding with other PUCCH.

· Opt.1: Enhance multiplexing mechanism to support this scenario: HW

· Opt.2: Not support this scenario (treated as an error case): CATT
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Issue 2.2.6: More than one HARQ-ACKs colliding with a PUSCH. 

· Opt.1: Enhance multiplexing mechanism to support this scenario: Nokia (as following proposal), ETRI  (with multiplexing onto the first overlapped PUSCH repetition)
Nokia proposal:

Proposal 2-5: In case of sub-slot-based HARQ-ACK feedback without two priority levels, the case where a PUSCH overlaps with more than one HARQ-ACK is considered as a valid case.

· If a PUSCH overlaps with multiple HARQ-ACKs within which one or more HARQ-ACK transmissions satisfy the multiplexing timeline conditions, the earliest HARQ-ACK that satisfies the condition is multiplexed with PUSCH, and the other HARQ-ACKs are dropped.

· The HARQ-ACKs that do not satisfy the conditions for multiplexing with PUSCH are dropped.

2.3. Other enhancements

Issue 2.3.1: Use “Codebook-less HARQ” or not as a complementary to slot-based and sub-slot-based HARQ-ACK procedures?

· Yes: MTK, WILUS

MTK proposals: 

Proposal 1: No need to support sub-slot configurations other than the already agreed options (“2-symbol*7” and “7-symbol*2”). Support complementary codebook-less HARQ instead to counter inter-packet-arrival time variations if needed.

WILUS proposals: 

Proposal 4: 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
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
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, PDSCH-HARQ-ACK-Codebook is separately configured.
Agreements:

R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including: 
· One is slot-based and one is sub-slot-based.

· Both are slot-based.

· Both are sub-slot-based

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, at least the followings are separately configured.
· For DG
· UCI-OnPUSCH
· For CG
· FFS
· codeBlockGroupTransmission

· FFS K1
3.2. Remaining issues on RRC configurations for multiple HARQ-ACK codebooks

Issue 3.2.1: Other separately configured RRC parameters?

· SchedulingRequestResourceConfig
· Yes: vivo
· No: MTK, Nokia, DCM, ZTE
· multi-CSI-PUCCH-ResourceList
· No: MTK, Nokia, vivo, DCM, Apple, ZTE
· PDSCH-TimeDomainResourceAllocationList in PDSCH-Config
· Yes: Nokia, QC, IDC, Apple, Samsung
· BetaOffsetACK parameters in PUSCH-PowerControl
· Yes: Apple, Samsung
· CG-UCI-OnPUSCH
· Yes: vivo, MTK, Nokia (if Type 2 CG PUSCH priority overridden by the activating DCI is supported), Samsung, ZTE
· No: OPPO
· dl-DataToUL-ACK
· Yes: MTK, Nokia, OPPO, Spreadtrum, Apple, QC, DCM, Samsung, IDC, ZTE, Pana
· Number of HARQ processes and periodicity for configured grant.
· Yes: NEC
3.3. Other enhancements 

Issue 3.3.1: Simultaneous multiple UL Tx

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

· Samsung, Nokia, MTK, NEC, QC

MTK proposal:

Proposal 14: Support simultaneous transmissions of PUSCH and PUCCH having different priority levels when they are scheduled on different CC’s, instead of prioritization. (UCI-over-PUSCH is maintained between same traffic types.) 

Nokia proposal:

Proposal 3-14: 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 are transmitted.

4. Remaining issues on PHY priority determination

How to determine the PHY priority for intra-UE collision handling was addressed in email discussion [98-NR-14][1]. This section is organized based on the architecture in [1].

4.1. Agreements in previous meetings

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:

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
Agreements:

Confirm the following WA with update:
Original 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

Updated to:

· Support two-level SR priority (high or low) intended for two different service types known at PHY layer in R16.
· The PHY-layer SR priority is determinined by an explicit indication (as a new RRC parameter) for each SR resource configuration.

Agreements:

· Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 

· Note: This does not preclude possibility of extending it in future releases.

· An explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release

· FFS whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
Agreements:

2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.

Agreements:

2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
4.2. Determining priority of HARQ-ACK for dynamically-scheduled PDSCH

Issue 4.2.1: Should the processing time of PDCCH decoding be considered for the dynamic priority indication of HARQ-ACK for SPS PDSCH?

In RAN1#98, when discussing the DCI-based dynamic indication approaches (i.e. Opt.2), some concerns were raised that decoding PDCCH may introduce extra processing delay and potentially make it difficult to meet the processing timeline of intra-UE collision handling. Companies expressed their views on this question in their replies to email discussion [98-NR-14], which are summerized below:

· Yes

· QC

· Arguments: 

· BDs for URLLC should be prioritized (under discussion in PDCCH enhancement AI)

· If the above is agreed in PDCCH enhancement AI, Opt.1 or Opt.4 provides a unified solution for PDCCH enhancement and intra-UE collision handling

· No

· Intel, HW, Fujitsu, ZTE, E///, CATT, OPPO, IDC, Nokia, vivo, DCM, MTK, Sony, Pana, CMCC, Sharp, Moto/Lenovo, Samsung
· Arguments: 

· Even if PDCCH decoding prioritization is beneficial for URLLC PDSCH processing timeline, it is not related to UL intra-UE collision handling. Anyway, UE needs to finish PDCCH decoding before starting a collision handling, because the scheduling information in DCI is the basis for identifying a collision scenario.

· First, need to agree if to align the priority of a PDSCH with the priority of the corresponding HARQ-ACK, e.g. gNB should be able to schedule HARQ-ACK for URLLC data on eMBB HARQ codebook when further retransmission occasions are not available. (MTK, Xiaomi)

· PDCCH decoding should be a small part of whole processing and the impact should be minor. (DCM)

Issue 4.2.2: Should the priority of a HARQ-ACK be aligned with that of the corresponding PDSCH?
· No: Xiaomi, Intel

Issue 4.2.3: Down-selection of options

For down-selecting the 5 options on determining priority of HARQ-ACK for dynamically-scheduled PDSCH, companies’ positions are updated based on Tdoc view for RAN1#99.

· Opt.1: By DCI format/size
· LGE, vivo (if prioritize URLLC PDCCH processing), Samsung
· Opt.2: By RNTI

· (10) HW, ZTE, CATT, NEC, China Telecom (for DCI format 1_0, MCS-C-RNTI), OPPO (MCS-C-RNTI), Asia Pacific Telecom (new RNTI), Pana (in format 1_0 in CSS), Sharp, Samsung

· Opt.3: By explicit indication in DCI 

· (13) Nokia, MTK, Intel, NEC, DCM, vivo (if not prioritize URLLC PDCCH processing), Pana, IDC, China Telecom (in DCI format 1_1 and 1_2), ZTE, Fujitsu (in DCI format 1_1 and 1_2, introduce a new RRC parameter for DCI format 1_0), QC, Sharp
· Opt.3a: Add a 1-bit field: Intel, Nokia (in new DCI format 1_1 and 1_2. DCI format 1_0 implies low priority), Pana (in DCI format 1_1 and 1_2), ZTE, MTK, China Telecom, Sharp, IDC
· Opt.3b: Reuse an existing field (e.g. HARQ_process_ID): MTK

· Opt.4: By CORESET/search space 

· Pana, vivo (if prioritize URLLC PDCCH processing)
· Opt.5: By PDSCH duration (for Type I HARQ-ACK codebook)

· ZTE

· Opt.6: Indicated by TDRA in DCI which is mapped to the priority configured in the corresponding SLIV entry.

· CMCC

Working assumption:

When a single PDSCH/PUSCH processing timeline is configured in the carrier, at least when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities. 

· 1-bit field in DCI can be configured as the PHY identification of the priority
· No indication of different priorities by DCI formats 0_0/1_0
Offline proposal:
When more than two DCI formats are configured for DL or UL, down-select from belows:

Opt.1+2: Supported by HW, NEC, Asia Pacific Telecom, Sharp, Samsung, vivo, Sony
· In case DCI format 1_1 and 1_2 with different sizes are configued, the priority of the HARQ-ACK codebook for dynamically-scheduled PDSCH can be determined based on a configured/fixed (to be down-selected) association to the DCI format/size. 
· FFS: Whether/how to support the case where the two DCI formats have same size.

· FFS: Other approaches to be used jointly for DCI format 1_0.

· In case DCI format 0_1 and 0_2 with different sizes are configued, the priority of the DG PUSCH can be determined based on a configured/fixed (to be down-selected) association to the DCI format/size. 
· FFS: Whether/how to support the case where the two DCI formats have same size.

· FFS: Other approaches to be used jointly for DCI format 0_0.

Opt.3: Supported by Nokia, MTK, Intel, NEC, DCM, Pana, IDC, ZTE, Fujitsu, Sharp, E///, CMCC
· For DCI format 1_1 and 1_2, 1-bit field can be configured as a PHY identification for indicating HARQ-ACK codebook for dynamically-scheduled PDSCH and for determining the priority of the HARQ-ACK codebook for dynamically-scheduled PDSCH for collision handling.
· FFS: Other approaches to be used jointly for DCI format 1_0.
· For DCI format 0_1 and 0_2, 1-bit field can be configured as a PHY identification for determining the priority of the DG PUSCH for collision handling.
· FFS: Other approaches to be used jointly for DCI format 0_0.
The potential problems of the first 4 options include:

	
	Potential problems

	Opt.1: By DCI format size
	· Increase number of DCI sizes (the new DCI format may have the same DCI size with a R15 DCI format) and CCEs/BDs for PDCCH monitoring. – May be resolved by increasing DCI size budget (if Option 1 of PDCCH enhancements is agreed)
· Unnecessarily link the new DCI format to service type. Unreasonable to prevent gNB from using Rel-15 DCI formats to schedule URLLC traffic, or using new DCI format to schedule eMBB traffic. – The associassion can be configurable.

· New DCI format for URLLC cannot support scheduling in CSS. – Solution may be only scheduling high-priority service in USS.

· DCI formats triggering different priorities may have the same size (DCI format 0_0/1_0 in CSS need to be same size as Rel.15) – Additional indication mechanism (e.g. RNTI) can be used jointly. 
· Difficult to support a large number of priorities. – Can limit to 2-level priorities in R16. But forward compatibility is still an issue.

	Opt.2: By RNTI
	· If a new RNTI is added, PDCCH false alarm rate will increase.
· If MCS-C-RNTI is reused, new MSC table is bundled with low-latency HARQ-ACK. – The associassion can be configurable.
· Difficult to support a large number of priorities. – Can limit to 2-level priorities in R16. But forward compatibility is still an issue.

	Opt.3: By explicit indication in DCI
	· Increased DCI overhead. – Most of companies suggest to add a new field. But some proposed to reuse HARQ process ID (MTK).
· Also adding the field for R15 DCI formats? – Also adding a field in DCI format 1_1. HARQ process ID can be reused (MTK).
· May not applicable for DCI format 1_0 in CSS. – Jointly used with Opt.2 or 4 can be considered. HARQ process ID can be reused (MTK).

	Opt.4: By CORESET/search space
	· Complicates the configuration of the CORESET/search space and DCI detection. – QC propose to add the 4th CORESET.
· May not be applicable when CORESETs/search spaces are overlapping. – QC: No this issue if a separate CORESET is used.
· Restrict the scheduling flexibility. – QC: No this issue if the 4th CORESET is used.
· Potentially increase the PDCCH blocking probability and/or the number of CCEs/BDs. – QC: No this issue if the 4th CORESET is used.
· Difficult to support a large number of priorities. – Can limit to 2-level priorities in R16. But forward compatibility is still an issue.


4.3. Determining priority of HARQ-ACK for SPS PDSCH

Issue 4.3.1: Whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats?

· Opt.1: Yes.
· ZTE (applicable for all DCI formats, i.e., DCI 1_0, DCI 1_1 and DCI 1_2), vivo, Nokia (activating DL DCI format with CRC scrambled with CS-RNTI), CMCC (reuse the TDRA indicator in the activation DCI), IDC
· Opt.2: No.
· Xiaomi, MTK, CATT, LGE, OPPO, Spreadtrum, Apple, Sharp, Samsung
DCM proposal:

· For HARQ-ACK priority determination for retransmission of SPS PDSCH, follows the same way for dynamic scheduled PDSCH, which depends on the scheduled DCI.

4.4. Determining priority of DG PUSCH

Issue 4.4.1: PHY indication/signaling for determining DG PUSCH priority:

· Opt.1: By DCI format/size
· LGE, Samsung
· Opt.2: By RNTI

· HW, CATT, OPPO (MCS-C-RNTI), Pana (in format 1_0 in CSS), Sharp, Samsung, ZTE
· Opt.3: By explicit indication in DCI 

· Fujitsu, Nokia, Intel (Use time of arrival of PDCCH when two high-priority channels collide), DCM, Pana, Sharp, IDC
· Opt.3a: Add a 1-bit field: Intel, Nokia (in DCI format 0_1 and 0_2. DCI format 0_0 implies low priority), Pana (in DCI format 1_1 and  1_2), Sharp, IDC, ZTE
· Opt.4: By CORESET/search space 

· Pana
Fujitsu proposals:

Proposal #8: RAN1 suggests RAN2 to consider the priority indication in DCI as the specific indication for LCP restriction.
Proposal #9: RAN1 asks RAN2 to consider to extend the LCP restriction designed for DG to CG as well for providing unified solution in Rel-16.

4.5. Determining priority of CG PUSCH

Issue 4.5.1: Whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats?
· Opt.1: Yes.
· ZTE (applicable for all DCI formats, i.e., DCI 0_0, DCI 0_1 and DCI 0_2), Nokia, NEC, Pana, DCM (same R16 mechanism as that for DG, only for DCI format 0_2 and 0_1), IDC
· Opt.2: No.
· Xiaomi, MTK, CATT, Intel, LGE, OPPO, Spreadtrum, Sharp, Samsung
DCM proposal:

Proposal 8: Priority determination for retransmission of CG PUSCH follows the priority indication for DG PUSCH by a PHY indication/signalling.

4.6. Determining priority of SRS, PRACH and PUCCH-BSR

Issue 4.6.1: Priority of PRACH
· Opt.1: Low priority
· MTK
· Opt.2: High priority
· E///, Xiaomi, Fujitsu, Nokia, Pana, IDC
· Opt.3: Not defining priority for PRACH 
· CATT (UE implementation), LGE (UE implementation), Spreadtrum (UE implementation), Intel (Reuse R15. It is an error case.), Samsung, ZTE, QC, MTK
Offline proposal:
No PHY priority is defined for PRACH for intra-UE collision handling within a carrier. It is per UE implementation for handling the collision.

Issue 4.6.2: Priority of SRS
· Opt.1: Low priority
· Xiaomi, Fujitsu, Intel, LGE, Nokia, IDC, Pana
· Opt.2: A-SRS priority is indicated in the DCI. P/SP-SRS is with low priority.
· When A-SRS is triggered by DCI format 2_3, it is with low priority.
· E///, MTK, Spreadtrum, Apple, Samsung, DCM, QC
· Opt.3: Not defining priority for SRS 
· CATT (reuse R15 for SRS overlapping with other UL transmission), ZTE
Offline proposal:
P/SP-SRS and A-SRS triggered by DCI format 2_3 are treated with low priority.

· FFS for A-SRS triggered by other DCI formats.
Issue 4.6.3: Priority of SCell PUCCH-BFR
· Opt.1: Low priority
· Xiaomi, MTK, LGE, Spreadtrum, Samsung, E///, Intel, Sony
· Opt.2: High priority.
· ZTE
· Arguments:
· For beamforming repair. Similar functionality as PRACH for maintaining radio link.
· Opt.3: Explicitly indicated by a new RRC parameter (similar to that for SR).

· Fujitsu, CATT, IDC, LGE, QC, Nokia, ZTE, DCM, OPPO, HW
· Arguments:
· Similar to SR.
· Opt.4: Lower than HARQ-ACK, PUSCH and high-priority SR. Higher than low-priority SR.

· Intel
· Opt.5: If Scells does not have high-priority data to be transmitted,  PUCCH-BFR has a lower priority than high-priority PUCCH/PUSCH. Otherwise, it is per UE implementation

· Nokia
· Arguments:
· Depends on the priority of data being transmitted in the SCell, i.e. priority comparison between SCell data and PCell UCI.
· Opt.6: 
· If any Scell which encounters beam failure (leading to the current BFR-SR) can be used to       schedule URLLC traffic, then BFR-SR > URLLC SR(s) > eMBB SR(s); 

· If no Scell which encounters beam failure (leading to the current BFR-SR) can be used to schedule   URLLC traffic (including the case that URLLC is carried over PCell only),  URLLC SR(s) > BFR-SR > eMBB SR(s);

· Apple

Offline proposal:
Down-select from the belows:
· Opt.1: PUCCH-BFR is treated with low priority.
· (8) Xiaomi, MTK, LGE, Spreadtrum, Samsung, E///, Intel, Sony
· Opt.3: 2-level PHY priority of PUCCH-BFR is explicitly indicated by a new RRC parameter in PUCCH-BFR configuration.
· (8) Fujitsu, CATT, IDC, LGE, QC, Nokia, ZTE, DCM, OPPO, HW

5. Remaining issues on intra-UE collision handling

5.1. 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:

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:

For handling intra-UE collision in R16, 

· P/SP-CSI on PUCCH is treated with low priority.
· The priority of a SP-CSI on PUSCH depends on the 2-level PHY priority of the PUSCH conveying the SP-CSI. 

· The priority of a A-CSI depends on the 2-level PHY priority of the PUSCH (w/ or w/o UL-SCH) conveying the A-CSI. 

Agreements:

For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).

· 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, etc.
· 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.

Agreements:

· For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism. 
And in RAN#85, the objective of intra-UE colllision in IIoT WID was updated as below [2].
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].
By RAN1#98bis, the 15 of the 18 collision scenarios has been addressed by agreements. The remaining issues are in the URLLC – URLLC scenarios, as shown in following table:

	
	URLLC SR
	URLLC HARQ-ACK
	P/SP-CSI on PUCCH
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	01: Reuse the Rel-15 (2 FFS cases)
	
	
	

	P/SP-CSI on PUCCH
	02: Drop P/SP-CSI
	03: Drop P/SP-CSI
	
	

	URLLC PUSCH
	04: Reuse the Rel-15
	05: Reuse the Rel-15
(1 FFS case)
	06: Drop the P/SP-CSI
	

	eMBB SR
	07: Drop lower-priority SR
	08: Drop SR
	09: Reuse the Rel-15
	10: Drop SR

	eMBB HARQ-ACK
	11: Drop HARQ-ACK
	12: Drop lower-priority HARQ-ACK
	13: Reuse the Rel-15
	14: Drop HARQ-ACK

	eMBB PUSCH
	15: Drop PUSCH
	16: Drop PUSCH
	17: Reuse the Rel-15
	18: Drop lower-priority PUSCH


5.2. Collision handling between 2 URLLC channels 

It has been agreed in RAN1#98 that R15 mechanism is reused for Scenario 1 (URLLC SR vs. URLLC HARQ-ACK) and Scenario 5 (URLLC HARQ-ACK vs. URLLC PUSCH). 

Scenario 01: In case URLLC SR collides with URLLC HARQ-ACK, is enhancement over R15 needed? (Note: It has been agreed to follow R15 in other cases):
· Enhancement for the case where a positive SR in PF0 vs a HARQ-ACK in PF1
· HW, Sony (multiplexed and transmitted using the PUCCH with PF0), WILUS (multiplexing 1-bit SR and 1-bit HARQ-ACK via PF1)

· Enhancement for the case where a positive SR vs a HARQ-ACK in PF 2, 3, 4

· Sony (see proposal below), Spreadtrum (see proposal below), WILUS (multiplexing overlapped SRs and HARQ-ACK via PF 2, 3, 4), Sharp (not an enhancement but a clarification: only high priority SR is multiplexed with high priority HARQ-ACK on PF2/3/4. Because low priority SR should always be dropped by high priority HARQ-ACK.)
· Enhancement for the case where Rel-15 timeline condition is not satisfied
· Nokia (prioritize SR and drop HARQ-ACK)
· No enhancement: E///, Xiaomi, vivo, CATT, Intel, CMCC, Spreadtrum, Pana, QC, DCM, Sharp (as explained above), Samsung, LGE, ZTE, ETRI
Sony proposal:

Proposal 2: 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

Spreadtrum proposal:

When a URLLC SR collides with a URLLC HARQ-ACK using PF2/3/4, only the high priority SR information should be appended to URLLC HARQ-ACK bits, and the lower priority SR such as eMBB SR should not be included.
Scenario 04: URLLC SR vs. URLLC PUSCH

· Opt.1: Reuse R15 mechanism (i.e. Drop SR)

· HW, DCM, vivo, Sharp, Samsung, LGE, ZTE, Pana, ETRI
· Opt.2: Prioritize the later received SR/MAC PDU from MAC. 

· CATT, Nokia

Working assumption:

· For handling the overlapped SR with high PHY priority and PUSCH with high PHY priority, no new mechanism in Rel-16 from RAN1 perspective. 
· Can be revisited especially if there is update from RAN2

Scenario 05: URLLC HARQ-ACK vs. URLLC PUSCH

· Opt.1: Reuse R15 mechanism

· Spreadtrum, vivo, Sharp, Samsung, LGE, ZTE, Pana, ETRI (with more clarification about the multiplexing timing for Rel-16 based 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: Drop HARQ-ACK.
· Nokia, DCM
· Opt.2c: The HARQ-ACKs corresponding to DL Grants arriving after the UL Grant are not multiplexed with the PUSCH.
· Sony

New scenario: URLLC PUSCH vs. URLLC PUSCH
· Opt.1: Prioritize the later received SR/MAC PDU from MAC. 

· CATT, Nokia

5.3. Collision handling between over 2 channels

Issue 5.3.1: General principle

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.
HW proposal:

Proposal 9: For the collision among more than two PUCCHs/PUSCHs of the same service type, handle the collision satisfying the timeline first.
ZTE proposal:

Proposal 9: For handing the collision scenarios of more than two UL channels, follow the Rel-15 rules except for dropping low priority channels if the conflicting channels have different priorities.
CATT proposal:

Proposal 11: The UL intra-UE multiplexing/prioritization are first performed within each traffic type followed by UL intra-UE prioritization across different traffic types if necessary.
Nokia proposal:

Proposal 3-12: When more than two channels overlap, the following handling rule can be adopted:

· In the first step, check the channels with the same priority and apply the proposed handling (i.e. multiplexing/prioritization) rules. 

· In the second step, check if the remaining (multiplexed/prioritized) channels are overlapping, in which case the low priority channel is dropped.

Proposal 3-11: For the scenario with more than two high priority overlapping channels/resources among which there is at least one HARQ-ACK, the following handling rule can be applied:

· Step 0. Define T_max to be the earliest timeline condition considering all the timeline conditions of the group of overlapping channels/resources.

· Step 1. For the channels that PHY is aware of earlier than the starting point of T_max: 
· First, check overlapping PUSCH(s) and/or positive SR(s) and use the defined rule for these overlapping channels, i.e. the later one delivered from MAC is prioritized (for PUSCH vs PUSCH and PUSCH vs SR). 

· Then, check if the resulting channel overlaps with HARQ-ACK, and if so, whether multiplexing is possible, where the proposed handling rules for such a case are used.

· The UE applies the above rule as late as possible but latest before the beginning of T_max.

· Step 2. For the channel(s) that PHY is aware of later than the starting point of T_max and that overlaps with the channel(s) resulting from the first step: 

· First, check overlapping PUSCH(s) and/or positive SR(s) and prioritize the later one delivered from MAC. 

· Then, if the resulting channel overlaps with a HARQ-ACK, the HARQ-ACK is dropped.

CMCC proposal:

Proposal 10: For collision scenarios among more than two UL transmissions, the prioritization should be done before multiplexing PUCCH on PUSCH.

QC proposal:

Proposal 12: In case of collision between more than 2 channels with different priorities, the following steps are taken by the UE:

· Step 1: Collision between overlapping channels of the same priority is resolved by following the Rel. 15 multiplexing rules including timeline checking.

· Step 2: If the remaining channels of different priorities are overlapping, the lower priority channels are dropped. 

DCM proposal:

· For resource collision between more than two channels,

· In case of collision between all UL channels with low priority, reuse Rel-15 rule.

· In case of collision between all UL channels with high priority, reuse Rel-15 multiplexing rule as baseline.

· If the timeline condition is not satisfied for resource collision between URLLC PUSCH, URLLC SR and URLLC HARQ-ACK, drop the URLLC HARQ-ACK.

· In case of collision between UL channels with different priorities, handle UCI multiplexing for channels of the same priority first, and then handle UCI prioritization for channels of different priorities.

5.4. Details of dropping a channel

Issue 5.4.1: How to handle the case where the timeline condition is not satisfied?
· Opt.1: For different traffic types, the timeline requirement as in R15 does not need to be satisfied.

· CATT, IDC, Sharp, ETRI
Issue 5.4.2: Necessity of a new timeline
· Opt.1: Reuse R15 timeline

· E///, Samsung, Spreadtrum (N2)
· Opt.2: New timeline is needed

· ZTE, vivo, MTK, LGE
vivo proposals:

Proposal 9: For the collision of channels of different service types, the low priority channel is fully or partially dropped when the dropping timeline is satisfied.

· When at least the high priority transmission has corresponding DCI

· The dropping timeline is defined from the ending symbol of the CORESET containing the DCI scheduling a high priority transmission to the starting of the overlapping part

· The value of the dropping timeline is defined as Tproc,2 based on UE CAP#2

· d2,1=0 for all cases

· UE is expected to cancel the transmission of low priority transmission from the symbol after Tproc,2 of the ending symbol of the CORESET containing the DCI scheduling the high priority transmission

· Otherwise, no timeline needs to be satisfied

· It is up to UE to fully or partially drop the low priority transmission

MTK proposals:

Proposal 15: The N2 UE processing timeline needs to be expanded by an additive term (of a parametrized value depending on the specific scenario) that accounts for the overhead of prioritization.

Proposal 16: In resource conflict scenarios where multiplexing would violate the UE processing timeline, the resulting error case should be redefined to instruct the UE to prioritize the transmission that was scheduled last.

CATT proposals:
Proposal 7: The timeline requirement as in R15 should be satisfied for the same traffic type, i.e. eMBB or URLLC. For different traffic types, the timeline requirement as in R15 does not need to be satisfied.

Proposal 8: UE should drop the low priority channel as soon as it knows there is an overlapping channel which has higher priority without resume.

IDC proposal:

Proposal 1: Timeline conditions for multiplexing in [TS38.213, 9.2.5] apply within transmissions of same priority only.
Proposal 2: The UE drops a low-priority UL transmission at least for symbols starting later than Tdrop after the last symbol of a PDCCH indicating a high-priority UL transmission.
LGE proposals:
Proposal 10: For intra-UE collision handling, the timeline check is conducted per priority index.

Nokia proposal:

Proposal 3-15: 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.
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 7: For canceling low priority channels/signals, it needs to define the ending symbol of the low priority PUSCH transmission.
· A UE transmits low priority channels/signals until to the ending symbol and cancels the remaining symbols.
· The ending symbol is defined as N-th symbol after the last symbol of the PDCCH scheduling high priority channels/signals, or M symbols before the first symbol of the high priority channels/signals. 
Moto/Lenovo proposal:

Proposal 3: If a UE cancels transmission of a low priority overlapping channel for transmission of a high-priority data/control channel, the timing of transmission cancellation can be dependent on the minimum required cancellation duration.  

MTK proposals (view shared by Intel):

Proposal 13: When SRS conflicts with a higher priority transmission, only those SRS symbols are dropped that overlap in time with the other transmission.  

QC proposal:

Proposal 15: In case of collision between a high priority and a low priority channel, the transmission of the low priority channel should be terminated by the start of the first overlapping symbol at the latest.
Issue 5.4.3: UE behaviour after dropping a channel
· Opt.1: Retransmit the dropped eMBB HARQ-ACK
· ETRI
· Opt.2: No retransmission of dropped channel

· E///, Intel, Nokia, Sharp, LGE, Pana
· Opt.3: Transmit a new TB on the remaining resource, if any
· ZTE
ZTE proposal:

Proposal 8: 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.
· The new TB is transmitted in the remaining resource as a configured grant with the same configuration as the grant for the low priority PUSCH. 
6. Other proposed enhancements

6.1. PUCCH power control enhancements
HW proposal:
Proposal 11: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.
Samsung proposal:

Proposal 5: A UE can be configured to transmit SR with power ramping.  
IDC proposal:

Proposal 15: If the total UE transmit power on serving cells in a frequency range would exceed Pcmax, the UE allocates power to high-priority PUCCH or PUSCH transmissions before low-priority PUCCH or PUSCH transmissions.

6.2. PUCCH reliability enhancements
Issue 6.2.1: maxCodeRate enhancement

CMCC proposals:

Proposal 11: 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 6.2.2: DAI enhancement

NEC proposal:

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

Proposal 1: If 0-bit counter-DAI is configured in DCI format 1_2, then bit order in dynamic HARQ-ACK codebook is determined by 

· Option 1) Based on physical mapping information of PDCCH. e.g. cell index, CORESET index, or search space index where the PDCCHs are detected.

· Option 2) Based on other DCI fields in a PDCCH. e.g., HARQ process number

Proposal 2: Use 2-bit counter-DAI field in DCI format 1_0/1_1 and 1-bit counter-DAI field in DCI format 1_2. 
7. References
[1] R1-1911438
Summary of email discussion [98-NR-14] on on how to determine the priority of SR, A/N, and PUSCH in PHY
OPPO
[2] RP-192324
“Revised WID: Support of NR Industrial Internet of Things (IoT)”, Nokia, Nokia Shanghai Bell, TSG-RAN#85, Newport Beach, USA, June, 2019.
[3] R1-1911891
UCI enhancements for URLLC
Huawei, HiSilicon

[4] R1-1911946
UCI Enhancements for NR URLLC
Ericsson

[5] R1-1911964
UL control enhancements for NR URLLC
ZTE

[6] R1-1911994
Discussion on UCI enhancement for URLLC
Beijing Xiaomi Mobile Software

[7] R1-1912031
UCI enhancements for URLLC
vivo

[8] R1-1912117
UCI enhancements for URLLC
MediaTek Inc.

[9] R1-1912126
UCI enhancements for URLLC
Fujitsu

[10] R1-1912169
UCI enhancements for URLLC
CATT

[11] R1-1912215
On UCI enhancements for URLLC
Intel Corporation

[12] R1-1912253
UCI enhancements for NR URLLC
Asia Pacific Telecom co. Ltd

[13] R1-1912351
Remaining issues in UCI Enhancements
Sony

[14] R1-1912397
UCI enhancements for NR URLLC
LG Electronics

[15] R1-1912473
UL Control for URLLC
Samsung

[16] R1-1912512
On UCI Enhancements for NR URLLC
Nokia, Nokia Shanghai Bell

[17] R1-1912519
UCI enhancements for URLLC
OPPO

[18] R1-1912527
Remaining issues on UCI enhancements for URLLC
China Telecommunications

[19] R1-1912539
Discussion on UCI enhancements for URLLC
CMCC

[20] R1-1912566
Discussion on UCI enhancements for URLLC
Spreadtrum Communications

[21] R1-1912642
UCI enhancements
ETRI

[22] R1-1912653
UCI enhancements for NR URLLC
NEC

[23] R1-1912729
UCI enhancements for eURLLC
InterDigital, inc.

[24] R1-1912748
Discussion on UCI enhancement for URLLC
Panasonic Corporation

[25] R1-1912769
Remaining issues of UCI enhancements for eURLLC
Sharp

[26] R1-1912817
Remaining Issues on UCI Enhancements for eURLLC
Apple Inc.

[27] R1-1912851
UCI enhancement for URLLC
Motorola Mobility, Lenovo

[28] R1-1912859
Remaining details on UCI enhancements
ITRI

[29] R1-1912886
UCI enhancements for URLLC
NTT DOCOMO, INC.

[30] R1-1912960
UCI Enhancements for eURLLC
Qualcomm Incorporated

[31] R1-1913068
Remaining issues on UCI enhancement for NR URLLC
WILUS Inc.
