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[bookmark: _Ref513464071]Introduction
This contribution addresses the following issues related to UCI enhancements for URLLC:
· Scheduling request resource priority
· Priority of A-SRS
· [bookmark: _GoBack]Corrections for scenario with multiple UL serving cells
Scheduling request resource priority
In RAN1#100e, RAN1 agreed that when two PUCCH-Config’s are configured, SchedulingRequestResourceConfig can be configured in both PUCCH-Config’s. This allows configuring different power control and spatial relation parameters for different SR resources, which is useful to ensure that the reliability target of an SR resource can be set according its associated priority level.
In RAN1#98bis, RAN1 agreed that the PHY-layer SR priority is determined by an explicit indication for each SR resource configuration. On the other hand, when two PUCCH-Config’s are configured, the PUCCH configurations are associated with two different priority levels for HARQ-ACK. Thus, there is a potential conflict between the priority of a SR as explicitly configured and the priority of the HARQ-ACK in the same PUCCH-Config. At least in case two PUCCH-Config’s are configured, it seems difficult to identify a realistic use case where a high-priority SR needs to use a power control configuration for low-priority PUCCH, or vice-versa. In addition, in case such high-priority SR would be multiplexed with high-priority HARQ-ACK, one of the two transmissions would not reach its intended reliability level. On the other hand, in case a single PUCCH-Config is configured, it may be useful to configure a higher priority for SR than for HARQ-ACK or CSI to ensure that it is prioritized in case of collision.
Proposal 1: When first and second PUCCH-Config are configured, all PUCCH resources of the first PUCCH-Config have priority index 0 and all PUCCH resources of the second PUCCH-Config have priority index 1.
Proposal 2: When a single PUCCH-Config is configured, the explicit priority indication configured for an SR resource determines its priority.
Priority of A-SRS
RAN1#100e discussed whether the priority of A-SRS follows the priority indicator of the DCI (Option 1), or is always low priority (Option 2) [2]. There was no conclusion. 
The network typically schedules a high-priority transmission later than a low-priority transmission. Thus, at the time of scheduling the high-priority transmission, the network knows about the presence of a low-priority transmission overlapping with a potential A-SRS. With Option 2, there is no possibility to prioritize the A-SRS in this scenario. With Option 1, the network can choose between prioritizing the A-SRS and prioritizing the low-priority PUSCH or PUCCH (by simply not triggering A-SRS). Thus, Option 1 appears to provide more flexibility for the network in typical scenarios.
Proposal 3: Priority of A-SRS follows the priority indicator of the DCI.


Multiple UL serving cells
In R15, when the UE transmits multiple PUSCHs in different serving cells, the UE multiplexes UCI in one of the PUSCHs (subject to timeline conditions). The UE selects the PUSCH based on rules such as whether aperiodic CSI is included, or smallest serving cell index.
For R16, multiplexing transmissions of different priorities is not supported. In a scenario where the UE transmits multiple PUSCHs of different priorities on different serving cells, application of R15 rules for PUSCH selection (without taking into account PUSCH priority) may result in selecting a PUSCH of different priority and unnecessarily dropping a transmission. 
For example, consider the following scenario: 
· the UE transmits high-priority PUSCH in serving cell #0
· the UE transmits low-priority PUSCH in serving cell #1 (without aperiodic CSI)
· the UE transmits low-priority HARQ-ACK
Following the current specifications, the UE first selects the PUSCH in serving cell #0 for UCI multiplexing. Since multiplexing UCI and PUSCH of different priorities is not supported, the UE drops the low-priority HARQ-ACK. 
Such unnecessary HARQ-ACK dropping can be avoided by updating the rules for PUSCH selection in section 9 of [3] such that the UE considers the priorities of the UCI and the PUSCHs, as follows:
	<<<<< Start modified section >>>>>
[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164]9	UE procedure for reporting control information
[…] 
In the remaining of this Clause, a UE multiplexes UCIs with same priority index in a PUCCH or a PUSCH. A PUCCH or a PUSCH is assumed to have a same priority index as a priority index of UCIs a UE multiplexes in the PUCCH or the PUSCH.
If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHs with first priority index and second PUSCHs with second priority index, the UE multiplexes the UCI of first priority index in a PUSCH from the first PUSCHs.
[…]
<<<<< End modified section >>>>>



Proposal 4: If a UE would transmit UCI and multiple PUSCHs of different priorities in different serving cells, and at least one PUSCH is of same priority as UCI, the UE multiplexes UCI in one of the PUSCHs of same priority.
TS38.213 section 7.5 also specifies prioritizations for transmission power reduction when the UE has multiple UL transmissions and the total UE transmit power would exceed Pcmax. For R16, the rules should also be updated to maintain consistency with agreed prioritization in case of overlap within a single cell. 
Proposal 5: 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.
Conclusion
This contribution proposes the following corrections related to UCI enhancements for URLLC:
Proposal 1: When first and second PUCCH-Config are configured, all PUCCH resources of the first PUCCH-Config have priority index 0 and all PUCCH resources of the second PUCCH-Config have priority index 1.
Proposal 2: When a single PUCCH-Config is configured, the explicit priority indication configured for an SR resource determines its priority.
Proposal 3: Priority of A-SRS follows the priority indicator of the DCI.
Proposal 4: If a UE would transmit UCI and multiple PUSCHs of different priorities in different serving cells, and at least one PUSCH is of same priority as UCI, the UE multiplexes UCI in one of the PUSCHs of same priority.
Proposal 5: 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.
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Appendix
Agreements from RAN1#100e:
	R1-2001016	Summary#1 on UCI enhancements for R16 URLLC	OPPO

[100e-NR-L1enh_URLLC-UCI_Enh-01] – Jia (OPPO)
Email discussion/approval on the priority of A-SRS triggered by other DCI formats and Type 1 HARQ-ACK codebook construction for PDSCHs scheduled by DCI format 1_1 and 1_2 by 2/28; endorsing the corresponding TP by 3/3
R1-2001226	Summary of email thread [100e-NR-L1enh_URLLC-UCI_Enh-01]	OPPO
Proposal (from email posted on Feb. 29th):
· Priority of A-SRS should follow the priority indicator carried in the DCI that triggers the A-SRS.
Decision: As per email decision posted on Mar. 4th, no conclusion.


[100e-NR-L1enh_URLLC-UCI_Enh-02] – Jia (OPPO)
Email discussion/approval on the following:
· Separately configured parameters for different HARQ-ACK codebooks
· Clarifications related to different HARQ-ACK codebooks
by 2/28; if there is a spec impact, endorsing the corresponding TP by 3/3
R1-2001227	Summary of email thread [100e-NR-L1enh_URLLC-UCI_Enh-02]	OPPO
Decision: As per email decision posted on Mar. 4th, 
Agreement:
When two PUCCH-Configs are configured, SchedulingRequestResourceConfig can be configured in both PUCCH-Configs
· If the same PUCCH resource ID can be configured in different PUCCH-Config, a PUCCH-ResourceId in a SchedulingRequestResourceConfig refers to a PUCCH-Resource in the PUCCH-Config containing the SchedulingRequestResourceConfig

Decision: As per email decision posted on Mar. 4th, the TPs to TS 38.213 (subclauses 9.1 and 9.2.5.2) in R1-2001227 are endorsed.


[100e-NR-L1enh_URLLC-UCI_Enh-03] – Jia (OPPO)
Email discussion/approval on the following:
· Potential extension of K1 value range
· Clarification of K1 unit
by 2/28; if there is a spec impact, endorsing the corresponding TP by 3/3
R1-2001228	Summary of email thread [100e-NR-L1enh_URLLC-UCI_Enh-03]	OPPO
Decision: As per email decision posted on Feb. 29th, it's concluded with no agreements/spec impact necessary to address the issues.



Agreements from RAN1#99:
	R1-1913241	Summary on UCI enhancements for URLLC		OPPO
R1-1913361
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

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
R1-1913430
Agreements:
No PHY priority is defined for PRACH for intra-UE collision handling within a carrier.
· It is per UE implementation for handling the collision.

Agreements:
· P/SP-SRS and A-SRS triggered by DCI format 2_3 are treated with low priority.
· FFS the priority of A-SRS triggered by other DCI formats – revisit on Friday
Agreements:
· The priority of a PUCCH-BFR resource is indicated the same way as a SR resource


R1-1913535	Summary#3 on UCI enhancements for URLLC	OPPO

Conclusion
· Activation DCI complementing or overwriting the RRC configured priority of Type2 CG PUSCH is not supported in Rel-16
· Reuse R15 CG-UCI-OnPUSCH for both Type 1 and Type 2 CG PUSCH.

Conclusion
Activation DCI complementing or overwriting the RRC configured priority of SPS PDSCH is not supported in Rel-16

Agreement
To resolve collision between UL transmissions, a UE performs the following: 
· Step 1: Resolve collision between UL transmissions with same priority. 
· Step 2: Resolve collision between UL transmissions with different priorities.


Agreement
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where
· Tproc,2 is correponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· Note: d_2,1=0 is for cancellation
· The minimum processing time of the high priority channel is extended by d2 symbols
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
The overlapping condition is per repetition of the uplink transmission

Agreement
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is not expected to be scheduled to transmit in the non-overlapping canceled symbols





Agreements from RAN1#98bis:
	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

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:
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:
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. 

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

Agreements:
Any sub-slot PUCCH resource is not across sub-slot boundaries. 





Agreements from RAN1#98:
	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:
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:
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

R1-1909848
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 from RAN1#97:
	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:
· 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.
Conclusion:
Further study the collision scenarios in the table below:
· Companies are encouraged to fill in solutions, e.g. multiplexing, priorization, for each scenario.
· A company can input “not related to RAN1” in one entry.
· A company can input the priority of study for one entry.
· Consider R15 as the starting point for collisions between two URLLC UCIs.
· FFS: Collision between more than two channels.
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Email discussion till next meeting to fill-up the table – Jia (OPPO)

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 from RAN1#96bis:
	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.

Agreements:
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:
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)



