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[bookmark: _Ref513464071]Introduction
Work Items on physical layer enhancements for NR URLLC [1] and support for industrial IoT [2] were approved at RAN#83. In RAN1#96bis and RAN1#97, work has progressed in parallel with respect to the different objectives, e.g. PDCCH and PUSCH enhancements, scheduling/HARQ enhancements, UCI enhancements, inter UE Tx prioritization/multiplexing.
From the progress so far it is apparent that for many of the above objectives there is a need (or strong benefit) for specifying means to differentiate transmissions based on a service-related priority, e.g. URLLC or eMBB. This contribution proposes that a common framework is specified for such differentiation across all functionalities subject to enhancements. 
Functionalities requiring priority identification
This section provides an overview of some of the functionalities for which a need for priority identification has been identified or is likely to be identified. The list is not meant to be exhaustive.
Sub-slot HARQ feedback
In RAN1#96bis it was agreed to support a sub-slot-based HARQ-ACK feedback procedure to reduce latency in the DL. It was further agreed that a HARQ-ACK codebook is identified at PHY layer for dynamically scheduled PDSCH. In RAN1#97, it was agreed that when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types, all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured (FFS for PUCCH-SpatialRelationInfo).
UCI collision handling
[bookmark: _GoBack]An email discussion [97-NR-05] took place after RAN1#97 on the handling of collision scenarios between SR/HARQ-ACK/data for URLLC, SR/HARQ-ACK/data for eMBB and CSI. In some scenarios it is likely that the solution to be adopted will involve dropping a lower priority transmission to ensure that requirements of higher priority service are satisfied. This implies that a service-related priority level is known for at least SR, HARQ-ACK and PUSCH (data). In RAN1#97 a working assumption was taken that SR priority is known at PHY layer.
Out-of-order HARQ-ACK/PUSCH and resource conflicts
Solutions are currently under discussion to support different processing times for PDSCH decoding, out-of-order HARQ-ACK and PUSCH scheduling, and resource conflicts between two PDSCHs or two PUSCHs. When the capability of the UE is not sufficient to process two PDSCHs with different processing time requirements, or when there is resource conflict between two PDSCHs, the UE needs to prioritize one PDSCH. Prioritization could be based on DCI timing for two dynamic assignments, but this approach is not satisfactory in case e.g. one of the PDSCHs is semi-persistently scheduled. 
Power control (intra-UE)
Transmissions associated to URLLC require higher reliability. When eMBB and URLLC transmissions are on the same serving cell, using a single power control configuration and power control loop for all PUCCH (or PUSCH) transmissions would imply excessive interference from eMBB transmissions if URLLC requirements are to be met. The agreement of RAN1#97 to separately configure all HARQ-ACK parameters in PUCCH configuration applies also to the power control configuration of PUCCH. Since SR reliability requirement is also different between eMBB and URLLC, it would be natural that a power control configuration used for HARQ-ACK of URLLC is also used for SR of URLLC.
Another aspect of power control is related to the closed-loop adjustments provided by DCI. If those commands are applied as in R15 the power adjustments won’t work as intended in case of out-of-order HARQ-ACK (or out-of-order PUSCH) scheduling. The closed-loop adjustments should be independent between transmissions associated to different service-related reliability requirements.
Inter UE prioritization
RAN1 has also agreed on supporting techniques for inter-UE prioritization and multiplexing, including cancellation indication and enhanced power control. When a UE is configured to transmit both URLLC and eMBB on the same serving cell, such techniques may not be applicable (or applicable in the same way) for all transmissions. For example, if the UE receives a cancellation indication such indication may only apply to lower priority transmissions. Thus there is a need for priority identification mechanism for these techniques too.
Observation: Priority identification of a transmission is required for supporting most of the enhancements of URLLC work item, e.g.:
· HARQ-ACK feedback enhancements
· Collision handling between SR/HARQ-ACK/data/CSI
· Resource conflicts for PDSCH and out-of-order HARQ-ACK/PUSCH
· Power control enhancements
· Inter-UE prioritization/multiplexing
Usage of priority indication as common differentiator
In principle one could proceed with the design of each enhancement by introducing separate enablers for priority identification for each functionality. However, this approach would be quite inefficient considering that the appropriate configuration for each functionality depends on the same set of latency and reliability requirements. For example, in the case of HARQ-ACK, it is unclear why one would need the flexibility of independently controlling a power control configuration and a priority level for UCI collisions. Such flexibility would come at a cost of higher DCI overhead without any obvious benefit. Introducing of a common parameter for service-based differentiation, i.e. a (service-based) “priority indication” from which a set of applicable configurations and priorities can be derived, seems to be a more effective approach. More specifically, the following is proposed:

Proposal 1: For PDSCH and its associated HARQ-ACK, a single priority indication determines at least the following:
· Prioritization between PDSCH transmissions in case of insufficient processing capability or resource conflict;
· A slot/sub-slot based configuration and associated PUCCH configuration (including power control) for the corresponding HARQ-ACK;
· The relative priority of corresponding HARQ-ACK with respect to other UL transmissions (e.g. SR, PUSCH, other HARQ-ACK, CSI) for collision handling;
· The applicability of a cancellation indication for inter-UE prioritization (if supported).
Proposal 2: For PUSCH, a single priority indication determines at least the following:
· Prioritization between PUSCH transmissions in case of insufficient processing capability or resource conflict;
· The relative priority of the PUSCH transmission with respect to other UL transmissions (e.g. SR, HARQ-ACK, CSI) for collision handling;
· The applicability of a cancellation indication for inter-UE prioritization;
· A power control configuration;
Proposal 3: For SR, a single priority indication determines at least the following:
· The relative priority of SR with respect to other UL transmissions (e.g. other SR, HARQ-ACK, PUSCH, CSI);
· A PUCCH power control configuration.
· The applicability of a cancellation indication for inter-UE prioritization (if supported).
The signaling to obtain the priority indication can be either by scheduling PDCCH (e.g. field in DCI), by RRC or based on logical channel priorities, depending on the specific case. As discussed in our companion contribution [3], for PUSCH an indication by DCI or RRC is preferred to derivation from logical channel priorities to ensure that the priority used by the UE is known with certainty at the network side.
Proposal 4: For PDSCH and its associated HARQ-ACK, the priority indication is obtained from PDCCH that dynamically or semi-persistently schedules the PDSCH.
Proposal 5: For PUSCH, the priority indication is obtained from the scheduling PDCCH (for DG or CG type 2) or RRC (for CG type 1).
Proposal 6: For SR, the priority indication is obtained from RRC as part of corresponding SR configuration or resource configuration.
Conclusion
This contribution proposes to adopt a priority indication as common parameter for service-related differentiation across a number of functionalities impacted by the eURLLC WI. The following proposals are made:
Proposal 1: For PDSCH and its associated HARQ-ACK, a single priority indication determines at least the following:
· Prioritization between PDSCH transmissions in case of insufficient processing capability or resource conflict;
· A slot/sub-slot based configuration and associated PUCCH configuration (including power control) for the corresponding HARQ-ACK;
· The relative priority of corresponding HARQ-ACK with respect to other UL transmissions (e.g. SR, PUSCH, other HARQ-ACK, CSI) for collision handling;
· The applicability of a cancellation indication for inter-UE prioritization (if supported).
Proposal 2: For PUSCH, a single priority indication determines at least the following:
· Prioritization between PUSCH transmissions in case of insufficient processing capability or resource conflict;
· The relative priority of the PUSCH transmission with respect to other UL transmissions (e.g. SR, HARQ-ACK, CSI) for collision handling;
· The applicability of a cancellation indication for inter-UE prioritization;
· A power control configuration;
Proposal 3: For SR, a single priority indication determines at least the following:
· The relative priority of SR with respect to other UL transmissions (e.g. other SR, HARQ-ACK, PUSCH, CSI);
· A PUCCH power control configuration.
· The applicability of a cancellation indication for inter-UE prioritization (if supported).
Proposal 4: For PDSCH and its associated HARQ-ACK, the priority indication is obtained from PDCCH that dynamically or semi-persistently schedules the PDSCH.
Proposal 5: For PUSCH, the priority indication is obtained from the scheduling PDCCH (for DG or CG type 2) or RRC (for CG type 1).
Proposal 6: For SR, the priority indication is obtained from RRC as part of corresponding SR configuration or resource configuration.
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