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This contribution discusses the following aspects of UCI enhancements for eURLLC:
· Handling of UCI collisions
· SR enhancements, including power control and priority determination
· HARQ-ACK enhancements
· PUSCH priority determination
Handling of UCI collisions
At RAN#85, RAN agreed to downscope the work item on IIoT. L1 multiplexing of services of different priorities is out of scope. The implication is that the UE drops the transmission(s) corresponding to services of lower priorities when there is a collision with transmission(s) corresponding to services of higher priority (except negative SR).
Proposal 1: In case of collision between eMBB HARQ-ACK/PUSCH/SR transmission with URLLC HARQ-ACK/PUSCH/positive_SR transmission, the UE drops the eMBB HARQ-ACK/PUSCH/SR transmission.
If there is more than one remaining transmission of same (highest) priority among SR/HARQ-ACK/PUSCH, as a baseline the UE multiplexes these transmissions according to R15 rules (as agreed in RAN1#98).
In R15, when UCI is multiplexed in PUSCH, the UE allocates resources of the PUSCH based on parameters provided in UCI-OnPUSCH field, i.e. betaOffsets and scaling. Since the reliability requirements of URLLC UCI and PUSCH are different than eMBB, the setting of these parameters that achieves the target error rates of both UCI and data for the same power level may also be different. Hence, it should be possible to have separate configuration.
Proposal 2: RRC can configure separate beta offset and scaling values for multiplexing of UCI in URLLC PUSCH.
The revision to the work item does not specifically address the case of CSI. As CSI is not associated to a specific service, one can consider that the possibility of multiplexing CSI with other transmissions is still open. However, as identified in [97-NR-05], multiplexing CSI with URLLC transmissions following R15 rules may result in loss of reliability in certain cases. For example, multiplexing of (periodic) CSI with SR or HARQ-ACK of URLLC on PUCCH would likely require excessive power to meet the reliability requirement. The UE should therefore drop CSI in this case.
Proposal 3: Multiplexing of CSI with URLLC transmission on PUCCH is not supported. 
For the case of aperiodic CSI, however, the situation is different since the network has control over whether CSI is included in a PUSCH transmission. Allowing aperiodic CSI in PUSCH offers more flexibility for the network without risk of negatively impacting URLLC performance since the network can always decide to not request CSI for a URLLC PUSCH e.g. in power-limited case.
Proposal 4: Multiplexing of aperiodic CSI with URLLC transmission on PUSCH is supported.
The following Table summarizes our views for each scenario, where the downscoping decision of RAN#85 is taken into account.
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse R15 rules as baseline
	
	
	

	CSI
	Drop CSI if SR is positive and resource for SR overlaps with PUCCH resource for CSI.
	Drop CSI if resource for HARQ-ACK overlaps with PUCCH resource for CSI.
If CSI multiplexed on PUSCH, follow same rule as for HARQ-ACK overlapping with PUSCH.
	
	

	URLLC PUSCH
	Reuse R15 rules
	Reuse R15 rules as baseline
	Multiplex CSI in PUSCH
	

	eMBB SR
	Drop eMBB SR if URLLC SR is positive
	Drop eMBB SR
	Reuse R15 rules
	Drop eMBB SR

	eMBB HARQ-ACK
	Drop HARQ-ACK
	Drop eMBB HARQ-ACK 
	Reuse R15 rules
	Drop eMBB HARQ-ACK 

	eMBB PUSCH
	Drop eMBB PUSCH if URLLC SR is positive
	Drop eMBB PUSCH
	Reuse R15 rules
	Drop eMBB PUSCH at least for the overlapping portion



SR enhancements
SR power control
In RAN1#97 and RAN1#98, RAN1 agreed that when at least two HARQ-ACK codebooks are simultaneously constructed for support 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. 
One of the parameters is pucch-PowerControl. The agreement thus enables specific power control configuration for HARQ-ACK on PUCCH depending on the codebook linked to a service type, such that reliability requirement of URLLC is met. It should be noted that the parameter pucch-PowerControl itself can generally be applicable to other types of UCI than HARQ-ACK, including SR.
In RAN1#97, RAN1 took a working assumption that SR priority is known at PHY. The UE uses the priority of SR to handle prioritization when there is overlap with other UCI/data transmissions. In addition, to ensure that the reliability requirement of a high priority SR is met, it should also be possible to configure a specific power control configuration for that case, similar to HARQ-ACK. Since pucch-PowerControl parameter is already separately configured for different HARQ-ACK codebooks corresponding to different service types, it would make sense to reuse the same parameter as a function of the service type for SR.
Proposal 5: The pucch-PowerControl parameter applicable to HARQ-ACK of a given priority is also applicable to SR of same priority.
SR resource configuration
[bookmark: _GoBack]The UE needs to know the priority of the SR resource to apply the corresponding power control configuration and determine the transmission to drop in case of collision with another transmission.
Proposal 6: Confirm the working assumption that SR priority is known at PHY layer.
Possible solutions for the determination of SR priority are discussed over the reflector [98-NR-14]. The most straightforward solution is that RRC provides this information directly for each SR resource configuration. This could be realized by adding a new information element within the configuration of each SR resource, or by configuring a separate set of SR resources for each priority. The details should be decided by RAN2.
Proposal 7: RRC indicates the SR priority for each SR resource.
HARQ-ACK enhancements
Value range and DCI field bitwidth of K1
For slot-based HARQ-ACK reporting, the parameter dl-DataToUL-ACK can have a maximum size of 8 values and a value range of 0 to 15 slots. In case of sub-slot-based HARQ-ACK reporting, one question is whether such setting is appropriate considering that the latency corresponding to a given value of K1 is shorter than for the case of slot-based. However, considering that sub-slot-based HARQ-ACK reporting is intended for low-latency services, there is no obvious reason why the span of K1 in absolute time would need to be the same as in slot-based. A value range of 0 to 15 for K1 and 8 possible values would seem to offer the same degree of scheduling flexibility for sub-slot-based as for the case of slot-based. In addition, increasing the number of possible values compared to slot-based would be incompatible with efforts to reduce the DCI size for URLLC.
Proposal 8: The maximum number of values for dl-DataToUL-ACK for sub-slot-based HARQ-ACK is 8 (same as slot-based).
Proposal 9: The value range of dl-DataToUL-ACK for sub-slot-based HARQ-ACK is 0 to 15 (same as slot-based).
TDRA table
In practical operation, it is likely that the duration of a PDSCH transmission and of a sub-slot are correlated, i.e. shorter PDSCH tend to be used with shorter sub-slot. Therefore, using the same TDRA table for all HARQ-ACK sub-slot configurations may result in some loss of scheduling flexibility for the network. Having separate configuration of the TDRA table for each HARQ-ACK sub-slot configuration also helps when using type-1 HARQ-ACK codebook since the number of PDSCH occasions corresponding to a sub-slot can be properly adapted.
Proposal 10: RRC configures TDRA table separately for each HARQ-ACK sub-slot configuration. 
Sub-slot configurations
At RAN1#98, RAN1 agreed to support two sub-slot configurations for PUCCH, either 2-symbols or 7-symbols per sub-slot. RAN1 further agreed to support a single configuration for PUCCH applicable for all sub-slots in a slot. Additional support that PUCCH resource configuration can be different for different sub-slots was left FFS.
The main motivation for allowing different PUCCH resource sets for different sub-slots within a slot is to allow the network to indicate a longer resource in the first sub-slots of a slot in case of power limitation. This approach obviously may increase RRC overhead.
However, another possibility is to configure an additional configuration for URLLC HARQ-ACK that is either slot-based or sub-slot-based with more symbols per sub-slot. For example, the network could provide one sub-slot-based configuration for HARQ-ACK with 2 symbols per sub-slot and one sub-slot-based configuration for HARQ-ACK with 7 symbols per sub-slot, with the same priority level. The network can then dynamically switch between the configurations depending on coverage conditions. This approach may require that RRC configures more than two HARQ-ACK configurations (slot- or sub-slot-based).
Between these two approaches, we have preference for the latter one as it results in a cleaner design. In addition, if RAN1 agrees to the previous proposal, switching the HARQ-ACK sub-slot configuration also results in switching the corresponding TDRA table which would also be beneficial in this scenario.
Proposal 11: RRC can configure more than 2 slot- or sub-slot-based HARQ-ACK configurations.
HARQ-ACK priority/codebook indication
At RAN1#98, RAN1 agreed that the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.
Possible solutions for the determination of HARQ-ACK priority (and therefore HARQ-ACK codebook) are discussed over the reflector [98-NR-14]. The potential solutions identified include using DCI format, explicit indication from a DCI field, RNTI or CORESET.
One consideration for deciding on the solution is the number of HARQ-ACK codebooks/priorities that can potentially be indicated. We prefer a solution that does not rigidly restrict this number to 2 as it would not be future-proof with respect to the potential number of priority levels required for a UE. Allowing more than 2 values also enables configuration of multiple slot- or sub-slot-based HARQ-ACK configurations which is beneficial to support power-limited scenarios as explained in previous section. From this perspective, the solution of using DCI format/size is less preferred, unless used in combination with another solution. Using RNTI or CORESET could allow for more than 2 values in principle, but at the cost of increased false detection probability and additional blind decoding (or loss of scheduler flexibility) respectively. In the case of RNTI, an additional complication is that it is already used for indicating MCS table and SPS/CG type 2 activation. Thus, we propose to use an explicit indication from DCI as a baseline. 
Proposal 12: PHY identification of HARQ-ACK codebook/priority supports up to 4 values.
Proposal 13: PHY identification of HARQ-ACK codebook/priority uses at least an explicit indication from DCI.
During discussions on out-of-order HARQ-ACK, it has been proposed to indicate PDSCH processing capability/priority from PDCCH information available prior to DCI decoding, such as from CORESET or DCI size. If this is agreed, it could be considered whether to use PDSCH priority as an input to HARQ-ACK codebook/priority determination to reduce DCI overhead.
PUSCH priority determination
The main options to determine the priority of PUSCH by dynamic grant are to either (1) use a PHY identification from the PDCCH (with options similar to the case of HARQ-ACK codebook/priority) or to (2) derive from the logical channel priority of the included data.
If priority is derived from the logical channels included in the PUSCH, the network may not be certain of the priority that the UE assumes and therefore of what the UE transmits in case of collision with HARQ-ACK. This may increase complexity for the network and reduce performance. Therefore, we prefer that the UE identifies priority from DCI.
Proposal 14: DCI scheduling PUSCH indicates its priority.
The same problem exists for configured grant if priority is derived from logical channels. RRC configuration of priority for configured grant type 1 is straightforward. For configured grant type 2, the UE can determine the priority from the DCI activating the grant using the same solution as for the dynamic grant without any additional signaling, unless the identification is by RNTI.
Proposal 15: RRC configures priority of PUSCH in the case of configured grant type 1.
Conclusion
This contribution discussed UCI enhancements for eURLLC. The following proposals were made:
Proposal 1: In case of collision between eMBB HARQ-ACK/PUSCH/SR transmission with URLLC HARQ-ACK/PUSCH/positive_SR transmission, the UE drops the eMBB HARQ-ACK/PUSCH/SR transmission.
Proposal 2: RRC can configure separate beta offset and scaling values for multiplexing of UCI in URLLC PUSCH.
Proposal 3: Multiplexing of CSI with URLLC transmission on PUCCH is not supported. 
Proposal 4: Multiplexing of aperiodic CSI with URLLC transmission on PUSCH is supported.
Proposal 5: The pucch-PowerControl parameter applicable to HARQ-ACK of a given priority is also applicable to SR of same priority.
Proposal 6: Confirm the working assumption that SR priority is known at PHY layer.
Proposal 7: RRC indicates the SR priority for each SR resource.
Proposal 8: The maximum number of values for dl-DataToUL-ACK for sub-slot-based HARQ-ACK is 8 (same as slot-based).
Proposal 9: The value range of dl-DataToUL-ACK for sub-slot-based HARQ-ACK is 0 to 15 (same as slot-based).
Proposal 10: RRC configures TDRA table separately for each HARQ-ACK sub-slot configuration. 
Proposal 11: RRC can configure more than 2 slot- or sub-slot-based HARQ-ACK configurations.
Proposal 12: PHY identification of HARQ-ACK codebook/priority supports up to 4 values.
Proposal 13: PHY identification of HARQ-ACK codebook/priority uses at least an explicit indication from DCI.
Proposal 14: DCI scheduling PUSCH indicates its priority.
Proposal 15: RRC configures priority of PUSCH in the case of configured grant type 1.
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Appendix
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.
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	
	
	
	

	CSI
	
	
	
	

	URLLC PUSCH
	
	
	
	

	eMBB SR
	(Example):
Drop eMBB SR
	
	
	

	eMBB HARQ-ACK
	
	
	
	

	eMBB PUSCH
	
	
	
	


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)



