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Introduction
RAN2 has discussed and identified a few targeted intra-UE prioritization/multiplexing scenarios for further study. It is RAN2 understanding that RAN1 should be involved in the study of all these scenarios, since the mechanisms such as pre-emption and the relevant UE behaviour should be examined by RAN1. The five prioritized scenarios include the following:
· Scenario #1: Intra-UE DL Prioritization
· Scenario #2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
· Scenario #3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
· Scenario #4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
· Scenario #5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
In addition, there was some support in RAN2 to study the following two scenarios:
· Scenario 6: Intra-UE UL Prioritization – CA-based Concurrent Transmission with Power Limitation
· Scenario 7: Intra-UE UL Prioritization – Power Control for Traffics with Different Priorities
In RAN2’s understanding, both of these two additional scenarios have only impacts to RAN1 [1][2].
This contribution initiates thoughts on the means of prioritization and the selection of behaviour for these scenarios, as well as the preliminary assumptions that can be bade on the traffic models for assessing spectral efficiency of each solution.
Discussion
Before prioritization rules can be analysed for each resource conflict scenario, it is necessary to address the affordable means for prioritization, and the preliminary assumptions on the traffic that impact on the expectable gains in opting for one solution over the other. These means and assumptions can serve as a common basis for the discussion of all the scenarios.
Means for prioritization
Means for prioritization can range from simply dropping an already scheduled or on-going transmission, through stopping-and-delaying it, or puncturing it by a higher priority transmission, to guarantee the latency requirements of the latter one. The appropriate solution can be selected by weighing the impact on spectral efficiency vs. complexity. In terms of complexity, UE hardware complexity shall be considered first and foremost, but algorithmic and standardization complexity is also relevant.    
Proposal 1: Hardware and algorithmic complexity of potential prioritization means should be evaluated. These means could involve:
· Aborting a transmission
· Aborting and delaying a transmission
· Puncturing one (or more) OFDM symbol(s) of PUCCH/PUSCH by URLLC PUCCH
For now, we make the assumption that abortion of an already scheduled or on-going transmission is feasible within some time limits, but puncturing is not affordable.
Traffic assumptions
To assess the loss of spectral efficiency resulting from a particular way of de-prioritization of eMBB traffic, it is necessary to know the occurrence probability of the resource conflict between URLLC and eMBB. On one hand, spectral efficiency is a negligible concern if de-prioritization of eMBB can contribute less than 1% contributed to eMBB budget of BLER<10% of single transmission. On the other hand, if URLLC transmission can fail even in a low-probability corner case, classified as a sporadic event, the targeted 99.9999% reliability within 1 ms latency might not be met. 
The following evaluation test scenarios have been agreed on, and represent two extremes: 
· Factory automation: periodic, 2 ms period
· Smart grid: non-deterministic, 100 ms average inter-arrival time
Agreed evaluation scenarios are not exclusive: worse or combined traffic scenarios may exist, but for the purpose of spectral efficiency analysis the traffic can be assumed either sparse or deterministic. In our judgement, as soon as the expected inter-arrival time of events gets to the range of a few milliseconds, the system design will turn the communication into a deterministic traffic with low periodicity to be able to guarantee reliability and other operation parameters.   
Observation 1: For the purpose of spectral efficiency analysis the traffic can be assumed either sparse or deterministic.
Therefore, in each resource conflict case, two types of URLLC traffic assumptions need to be considered to assess what can be taken care of by the gNB scheduler, and what is the probability of a conflict it cannot avoid or prevent.
· Periodic URLLC traffic
· gNB scheduling can avoid prioritization (by scheduling eMBB around predictable URLLC traffic), or at least the most unfavourable corner cases, as URLLC traffic is deterministic (apart from retransmissions)
· Sporadic URLLC traffic
· Latency must be guaranteed for low-probability corner cases of resource conflict as well 
· gNB scheduling may ignore the negligible spectral efficiency impact from prioritization in most cases (exceptions discussed later)
URLLC retransmissions constitute a special type of sporadic events:
· latency is even more critical as some of the budget has already been used
· their occurrence is not quite arbitrary in time, as they result from previous failing transmissions 
Observation 2: The spectral efficiency impact of prioritization is generally low, as conflicts mostly occur with sporadic URLLC traffic, or with URLLC retransmissions. 
Resource conflict scenarios
Scenario #1: Intra-UE DL Prioritization
For a UE that supports both eMBB and URLLC, intra-UE DL prioritization is essential when the network wants to schedule DL transmission with high priority, while there is an ongoing DL transmission with lower priority for the that UE. Given that the downlink scheduling is under the control of the gNB, which is aware of the traffics’ priorities, a straightforward solution for this case is to allow the later scheduling DCI to override the previous one.
Proposal 2: As the gNB is aware of the DL traffics’ priorities, RAN1 should adopt simple rule for intra-UE DL prioritization, where the later scheduling DCI always override the previous one.
Scenario #2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
This scenario considers the case where the UL radio resource associated to a configured grant overlaps with a dynamic grant in time. Currently, dynamic grant is always prioritized over configured-grant. In the case when the UE has high priority traffic to be transmitted on configured-grant resources that overlap with dynamic grant resources, the required latency may not be satisfied. Given that higher layers at the UE are aware of the traffic priorities, new prioritization rules between colliding configured-grant and dynamic grant should be defined by RAN2.
Proposal 3: Prioritization rules between dynamic grant and configured-grant should be defined by RAN2.
Scenario #3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
This scenario consider the case of prioritization when the dynamic UL grants for traffics with different priorities are colliding. Similar to scenario #1, as scheduling is under the control of the gNB, and it is aware of the traffics’ priorities, a straightforward solution for this case is to allow the later scheduling DCI to override the previous one.
Proposal 4: As the gNB aware of the DL traffics’ priorities, RAN1 should adopt simple rule for intra-UE UL prioritization between dynamic grants, where the later scheduling DCI always override the previous one.
Scenario #4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
This scenario considers a case where the resources of uplink control transmission overlaps in time with other uplink control transmission relating to another, higher priority traffic. 
Conflicting eMBB and URLLC HARQ
Prioritization between HARQ and HARQ or other UCI type when PUCCH’s overlap should be studied. The need for such prioritization can arise e.g. if eMBB PUCCH has been scheduled already by the time URLLC DL transmission is initiated, and the eMBB PUCCH is blocking the low-latency HARQ feedback for URLLC. 
 
[bookmark: _Ref534992255]Figure 1: Already scheduled eMBB HARQ feedback conflicting with URLLC HARQ feedback.
Although many companies have proposed dynamic indication of HARQ priority level this has not been agreed, yet. However, as also illustrated by Figure 1, it seems almost inevitable and a number of signalling solutions have been put forward to solve this issue, already.
Observation 3: indication of HARQ priority level would be necessary to allow de-prioritization of already scheduled eMBB PUCCH when needed to meet URLLC requirements.
Aborting eMBB transmission is generally not a concern. However, in the case of eMBB PUCCH carrying a HARQ codebook it may trigger multiple superfluous retransmissions of DL data. 
Observation 4: Dropping eMBB PUCCH carrying a HARQ codebook may trigger multiple superfluous retransmissions of DL data.
Conflicting HARQ and SR
The occurrence of positive SR is not predictable by gNB scheduler, hence overlapping transmissions cannot be avoided (unless scheduling around SR occasions, which is not a pragmatic choice in most cases). There is no risk in dropping eMBB SR when it conflicts with URLLC HARQ, but it might be necessary that L1 reports such an event to MAC. On the other hand, URLLC SR would need to have priority vs. PUCCH in order not to risk violation of URLLC requirements.
In conclusion, the opposite prioritization rule seems adequate for SR based on its traffic type. Therefore, MAC layer would be required to indicate a binary priority level along with each SR request to L1. This could be based on the mapping between SR and logical channel groups, and the priority levels assigned to each logical channel in the MAC.
Proposal 5: RAN2 should study the enhancements required for MAC layer to indicate a binary priority level along with each SR request to L1.   
Observation 5: There is no drawback in dropping eMBB SR when it conflicts with URLLC HARQ.
Proposal 6: RAN2 should analyse whether L1 needs to report to MAC when SR is dropped.
Observation 6: URLLC SR would need to have priority over other PUCCH in order not to risk URLLC requirements.
Conflicting P/SP-CSI and URLLC HARQ/SR
P/SP CSI is used to optimize scheduling for better spectral efficiency. URLLC reliability is not dependent on it.
Observation 7: P/SP CSI is used to optimize scheduling for better spectral efficiency. URLLC reliability is not dependent on it.
If P/SP CSI scheduled for eMBB needs to be aborted, then it can be rescheduled later (along with the CSI-RS resources required for the measurement) and simply causing a delay in the following eMBB transmissions. The loss in spectral efficiency is tolerable.
If the same occurs for P/SP CSI, then two cases needs to be considered:
· With periodic URLLC traffic, the P/SP CSI is scheduled preceding the periodic URLLC transmissions, and there is no opportunity to repeat it later before the actual URLLC transmission. Therefore, the gNB will attempt to schedule any eMBB around it.
· With sporadic URLLC traffic, the P/SP CSI is not scheduled to precede any predictable URLLC transmission. To save on spectral efficiency, it will be scheduled infrequently (along with the CSI-RS resources used for the measurement), and the resources used will be less reliable than for URLLC HARQ or URLLC SR. Therefore, P/SP should be de-prioritized vs. URLLC HARQ or URLLC SR.
Observation 8: The safe solution is to deprioritize P/SP-CSI when it conflicts with URLLC SR or URLLC HARQ.
Scenario #5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
This scenario considers a case where the resources of uplink control transmission overlaps in time with uplink data transmission. Three scenarios should be considered for traffic types:
· URLLC UL-data vs. eMBB UCI
· eMBB UL-data vs. URLLC UCI
· URLLC UL-data vs. URLLC UCI.
Proposal 7: Overlap between URLLC PUSCH and URLLC PUCCH should be studied, as well, as part of scenario #5.    
When URLLC data is scheduled by the gNB, it should indicate to the UE if prioritization should take place. If so, eMBB SR/HARQ/CSI should be dropped. Methods for signalling priority should be studied. If data is schedule without high-priority indication and conflicts with URLLC SR or URLLC HARQ then it should be deprioritized.   
Conclusion
In this contribution, we have addressed intra-UE prioritization scenarios involving URLLC and eMBB traffic and had the following observations and proposals:
Proposal 1: Hardware and algorithmic complexity of potential prioritization means should be evaluated. These means could involve:
· Aborting a transmission
· Aborting and delaying a transmission
· Puncturing one (or more) OFDM symbol(s) of PUCCH/PUSCH by URLLC PUCCH
Observation 1: For the purpose of spectral efficiency analysis the traffic can be assumed either sparse or deterministic.
Observation 2: The spectral efficiency impact of prioritization is generally low, as conflicts mostly occur with sporadic URLLC traffic, or with URLLC retransmissions. 
Proposal 2: As the gNB aware of the DL traffics’ priorities, RAN1 should adopt simple rule for intra-UE DL prioritization, where the later scheduling DCI always override the previous one.
Proposal 3: Prioritization rules between dynamic grant and configured-grant should be defined by RAN2.
Proposal 4: As the gNB aware of the DL traffics’ priorities, RAN1 should adopt simple rule for intra-UE UL prioritization between dynamic grants, where the later scheduling DCI always override the previous one.
Observation 3: indication of HARQ priority level would be necessary to allow de-prioritization of already scheduled eMBB PUCCH when needed to meet URLLC requirements
Observation 4: Dropping eMBB PUCCH carrying a HARQ codebook may trigger multiple superfluous retransmissions of DL data.
Proposal 5: RAN2 should study the enhancements required for MAC layer to indicate a binary priority level along with each SR request to L1.   
Observation 5: There is no drawback in dropping eMBB SR when it conflicts with URLLC HARQ
Proposal 6: RAN2 should analyse whether L1 needs to report to MAC when SR is dropped.
Observation 6: URLLC SR would need to have priority over other PUCCH in order not to risk URLLC requirements.
Observation 7: P/SP CSI is used to optimize scheduling for better spectral efficiency. URLLC reliability is not dependent on it.
Observation 8: The safe solution is to deprioritize P/SP-CSI when it conflicts with URLLC SR or URLLC HARQ.
Proposal 7: Overlap between URLLC PUSCH and URLLC PUCCH should be studied, as well, as part of scenario #5.    
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