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Introduction
RAN1 has received an LS R1-1814342 [2] from RAN2 describing seven (7) scenarios for intra-UE prioritization that are relevant for further study. This contribution discusses L1/PHY impacts in scope of RAN1 for intra-UE prioritization for uplink transmissions for scenarios 6-7 described by RAN2:
· Scenario 6: Intra-UE UL Prioritization – CA-based Concurrent Transmission with Power Limitation
[bookmark: _GoBack]In cases wherein mixed traffic with different priorities / reliability requirements are exchanged between the UE and gNB and corresponding data or control transmissions simultaneously occur on different serving cells, prioritization may have to occur due to transmit power limitation.
· Scenario 7: Intra-UE UL Prioritization – Power Control for Traffics with Different Priorities
The UE may need to dynamically change its power control loop to ensure the transmission related to high priority data.
In RAN2’s understanding, both two additional scenarios have only impacts to RAN1.
Power limitation scenario
I-IoT devices support mixed traffic types of varying latency and reliability requirements, possibly concurrently for a given UE. A UE may have multiple uplink grants available for transmission of data, possibly each for traffic with different priority levels, and indicating transmissions that can overlap in the time domain.
When the UE is transmitting over more than one serving cell (carrier aggregation or dual connectivity) and the total UE transmit power would exceed the configured maximum transmission power PCMAX, the UE needs to scale down some transmissions according to a priority order. The priority order for R15 (and LTE) is defined based on the criticality and targeted reliability of each transmission. For example, transmissions containing HARQ-ACK are prioritized over other transmissions because they are associated with a low targeted probability for NACK-to-ACK misinterpretation (e.g. 10-3 or less). 
Use cases considered in R16 as part of the SI on Industrial IoT are associated to latency and reliability requirements much more stringent than for mobile broadband traffic, with e.g. end-to-end latency between 5 ms and 10 ms and reliability of 10-6. It would be logical to take this into account in the definition of the priority order for scaling to ensure that QoS requirements are satisfied.
Proposal 1: Priority order for power allocation is a function of the reliability requirement associated with the transmission (e.g. URLLC or eMBB).
To implement the above, the UE needs to be able to identify whether a specific transmission is associated to a high reliability requirement. In the case of PUSCH data, such information needs to be obtained from the scheduling PDCCH or RRC (in case of configured grant type 1). In the case of HARQ-ACK, the reliability requirement is derived from the reliability of the associated PDSCH transmission, which needs to be obtained from the scheduling PDCCH.
Proposal 2: For PUSCH scheduled by dynamic grant, the reliability requirement (e.g. URLLC or eMBB) of the PUSCH data is indicated from the scheduling PDCCH.
Proposal 3: For PUSCH scheduled by configured grant type 1, the reliability requirement (e.g. URLLC or eMBB) of the PUSCH data is configured by RRC.
Proposal 4: For HARQ-ACK, the reliability requirement (e.g. related to URLLC or eMBB) is indicated from the PDCCH that schedules the associated PDSCH.
The indication of reliability requirement from a scheduling PDCCH could be derived from RNTI or search space, or using a new field of DCI (e.g. a transmission profile) as proposed in R1-1900767.
Keeping the same principles as in LTE and 5G, the following prioritization is proposed, where one could consider two levels of reliability as a starting point (e.g. URLLC or eMBB).
1. PRACH transmission on the PCell
2. PUCCH or PUSCH transmission with HARQ-ACK and/or SR related to URLLC
3. PUSCH transmission with URLLC data
4. PUCCH or PUSCH transmission with HARQ-ACK and/or SR (related to eMBB) 
5. PUCCH or PUSCH transmission with CSI (with no URLLC data or HARQ-ACK related to URLLC)
6. PUSCH transmission with eMBB data without HARQ-ACK or CSI
7. SRS
Proposal 5: PUSCH transmission with URLLC data is prioritized over PUCCH or PUSCH transmission with eMBB HARQ-ACK and/or SR for power allocation.
Proposal 6: PUCCH or PUSCH transmission with HARQ-ACK and/or SR related to URLLC is prioritized over PUSCH transmission with URLLC data for power allocation.
Power control with traffic of different priorities
It can be expected that a scheduler uses different HARQ operating points for transmissions carrying URLLC traffic than for transmissions carrying eMBB traffic. As the HARQ operating point is partly dependent on the power control configuration, it would be more efficient to apply the appropriate configuration depending on the reliability requirement of the transmission on a dynamic basis.
In R15, different power control parameters can be dynamically selected based on the SRI when beam-based operation is configured. It should be studied how to achieve differentiation of power control configuration based on reliability requirement. Currently, NR Rel-15 supports a single power control mode for both eMBB and URLLC type of services.
The stringent reliability requirements of URLLC Rel-16 means that some of the use cases may require a BLER target of 10-6. It would thus be beneficial to configure the UE with power control parameters (e.g. P0, alpha) that are URLLC-specific, to increase transmission power for URLLC-related transmissions thereby increasing transmission reliability.
Given the above, to support eMBB and URLLC separately from the perspective of power control, the following two proposals are made:
Proposal 7: Support configuration of up to two sets of power control parameters e.g., to support eMBB and URLLC separately.
Proposal 8: Support dynamically scheduled transmission-specific set of power control parameters e.g. by indication from the scheduling PDCCH of the set applicable to the transmission.
The indication can be the same as used for the reliability requirement discussed in the previous section.
[bookmark: _Ref524080280]Summary and Proposals
RAN1 should discuss the above and agree to the following proposals:
Proposal 1: Priority order for power allocation is a function of the reliability requirement associated with the transmission (e.g. URLLC or eMBB).
Proposal 2: For PUSCH scheduled by dynamic grant, the reliability requirement (e.g. URLLC or eMBB) of the PUSCH data is indicated from the scheduling PDCCH.
Proposal 3: For PUSCH scheduled by configured grant type 1, the reliability requirement (e.g. URLLC or eMBB) of the PUSCH data is configured by RRC.
Proposal 4: For HARQ-ACK, the reliability requirement (e.g. related to URLLC or eMBB) is indicated from the PDCCH that schedules the associated PDSCH.
Proposal 5: PUSCH transmission with URLLC data is prioritized over PUCCH or PUSCH transmission with eMBB HARQ-ACK and/or SR for power allocation.
Proposal 6: PUCCH or PUSCH transmission with HARQ-ACK and/or SR related to URLLC is prioritized over PUSCH transmission with URLLC data for power allocation.
Proposal 7: Support configuration of up to two sets of power control parameters e.g., to support eMBB and URLLC separately.
Proposal 8: Support dynamically scheduled transmission-specific set of power control parameters e.g. by indication from the scheduling PDCCH of the set applicable to the transmission.
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