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1 Introduction
[bookmark: _Hlk505938201]In the RAN#80, the scope for URLLC work for Rel-16 is endorsed and the following is included: 
· URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified,
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
In RAN2 #104 meeting, RAN2 sends a LS to RAN1 on intra-UE prioritization/multiplexing which identified a few targeted Intra-UE prioritization/multiplexing scenarios that RAN1 should be involved in the study. The five prioritized scenarios include the following [2]:
· 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
[bookmark: _Hlk534205130]In this contribution, we will focus on Scenario 1 and Scenario 3 for intra-UE DL/UL prioritization/multiplexing between two PDSCHs/PUSCHs associated with different priorities and give some potential solutions.
2 Discussion on intra-UE DL/UL prioritization/multiplexing
A）Discussion on out-of-order scheduling and HARQ
In some vertical industry scenarios, a UE may have various type of traffic. For example, in smart power grid application, smart distributed power DTU (Distribution Terminal Unit) will integrate three functions, i.e. power distribution grid differential protection function, 3-remotes (remote metering, remote signalling and remote control) function and network-based timing function. Different functions have different requirements on latency, e.g. differential protection function requires 15ms end-2-end latency and 3-remotes function requires 200ms end-2-end latency. Considering the different requirements, differential protection function could be carried by URLLC transmission and 3-remotes function could be carried by latency-insensitive transmission. For another example, UAV will integrate two functions, i.e. remote control and video transmission, which should be carried by URLLC and eMBB transmission respectively.
Therefore, Scenario 1 and Scenario 3 for intra-UE DL/UL prioritization/multiplexing between two PDSCHs/PUSCHs associated with different priorities would easily occur. Specifically, Scenario 1 considers a case where a UE has sequentially received two DL assignments with overlapping radio resources in time, while Scenario 3 considers a case where the UL radio resource associated to a dynamic grant overlaps with another dynamic grant in time. Solutions to prioritize the DL/UL traffic with higher priority and the associated behaviour towards UE decoding capability should be further discussed. In this contribution, we focus on the extension of Scenario 1&3 as described in Figure 1 which seems to occur more easily: gNB delivers UL grant to UE in the first slot for scheduling an eMBB packet to transmit in the fifth slot. Then URLLC traffic arrives in the second slot, to guarantee the latency requirement of URLLC traffic, gNB generates a UL grant in the third slot to schedule the URLLC packet to transmit in the fourth slot, which is prior to the earlier scheduled eMBB transmission. However, considering UE implementation complexity, it is agreed that out-of-order scheduling and HARQ is not supported at least for the Dec. 2017 baseline capability as presented in appendix. This may be not suitable for users with both URLLC and eMBB traffic taking the tight latency requirement of URLLC into account. Therefore, it is expected that out-of-order scheduling is supported in Release 16. 

Figure 1: out-of-order scheduling

As for out-of-order HARQ-ACK, it would provide benefit for URLLC as well. Given that a DL/UL assignment with infrequent DL/UL switch is applied, the latency of HARQ-ACK would be relatively large depending on the uplink transmission opportunities. It may be acceptable for eMBB with more relaxed latency requirement. But for URLLC, quicker HARQ-ACK is expected so that gNB can schedule a retransmission timely. This would certainly result in out-of-order HARQ-ACK for users with both URLLC and eMBB traffic, which is not supported for R15 baseline UE capability.
Proposal 1: For any two HARQ process IDs A and B for a given cell, if the scheduling DCI scrambled by C-RNTI for unicast PUSCH/PDSCH transmission A comes before (in time) the scheduling DCI scrambled by MCS-C-RNTI and/or C-RNTI for unicast PUSCH/PDSCH transmission B, UE can be scheduled such that PUSCH/PDSCH for B is before PUSCH/PDSCH for A.
Proposal 2: For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission with C-RNTI scrambled DCI for A comes before the scheduled unicast PDSCH transmission with MCS-C-RNTI and/or C-RNTI scrambled DCI for B, UE can be triggered to send the HARQ-ACK for A after the HARQ-ACK for B.
[bookmark: _Hlk521057001]According to the closed loop power control mechanism in Rel-15, UE determines the PUSCH transmission power [image: ] in PUSCH transmission occasion i as
[image: ]

Where  is the PUSCH power control adjustment state for PUSCH transmission occasion i if accumulation is enabled.



From the above formula we can see,  depends on two key factors: the reference point  and the adjustment amount  which are described in TS 38.213 as follows:






-	 is a correction value, also referred to as a TPC command, and is included in a DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission occasion , after a last PUSCH transmission occasion ,  on UL BWP  of carrier  of serving cell  or jointly coded with other TPC commands in a DCI format 2_2 having CRC parity bits scrambled by TPC-PUSCH-RNTI, as described in Subclause 11.3;
When taking the out-of-order scheduling case into consideration, misunderstanding of the expected transmission power between gNB and UE would happen. As Figure 2 illustrates, from gNB’s perspective, the reference point of eMBB data is PUSCH transmission period i-1, so it should be transmitted with power P(i-1)+delta 1. However, from UE’s perspective, eMBB data is expected to be transmitted with power P(i-1)+delta 2 + delta 1 since that its reference point is expected to be the URLLC transmission occasion from the view of UE. It would cause error in closed loop power control mechanism and lead to further demodulation failure or increasing interference. Therefore, closed loop power control mechanism needs to be enhanced if out-of-order scheduling is supported.

Figure 2: closed loop power control problems caused by out-of-order scheduling
[bookmark: _Hlk521069569]Intuitively, the power control mechanism can be enhanced by re-describing the reference point and adjustment amount:
· 
[bookmark: _Hlk521069684]The reference point can be adjusted to , where the UL grant scheduling PUSCH transmission occasion i-r is no later than the UL grant scheduling PUSCH transmission occasion i and r is the minimum positive integer that meets the above condition;
· [bookmark: _Hlk521529298]Considering inter-UE URLLC and eMBB multiplexing scenario, the reliability of URLLC can be guaranteed by boosting URLLC transmission power. Therefore, the adjustment amount shall be the sum of delta indicated by TPC command in the UL grant which is transmitted between the UL grant scheduling PUSCH transmission occasion i-r (not included) and the UL grant scheduling PUSCH transmission occasion i (included).
With the above enhancements, the eMBB data in Figure 2 would be transmitted with power P(i-1)+delta 1, while the URLLC data would be transmitted using power P(i-1)+delta 1+ delta 2.
Alternatively, considering that out-of-order scheduling usually occurs in users with a mix of URLLC and eMBB traffic, and different reliability is required for URLLC and eMBB, so it is reasonable that the transmission power of URLLC and eMBB are adjusted separately. Specifically, multiple sets of power control parameters {P0, alpha} corresponding to different traffic type shall be configured by RRC signaling, and for closed loop power control, the reference point could be the last PUSCH transmission occasion carrying the same type of traffic (e.g. the RNTI scrambling scheduling DCI is the same). 
However, sometimes the URLLC packet may arrive at the UE sparely and thus taking the last URLLC transmission occasion as the reference point may not be so accurate. Therefore, considering both performance and standard effort, we prefer the former solution.
[bookmark: _Hlk521069715]Proposal 3: The closed loop power control mechanism needs to be enhanced if out-of-order scheduling is supported.
Proposal 4: The reference point and the adjustment amount can be re-described as: 
· 
The reference point is , where the UL grant scheduling PUSCH transmission occasion i-r is no later than the UL grant scheduling PUSCH transmission occasion i and r is the minimum positive integer that meets the above conditions
· the adjustment amount shall be the sum of delta indicated in the UL grant which is transmitted between the UL grant scheduling PUSCH transmission occasion i-r (not included) and the UL grant scheduling PUSCH transmission occasion i (included).
B）Discussion on Multi-slot scheduling for intra-UE DL/UL multiplexing
Multi-slot scheduling is supported in NR and when the UE is configured with aggregationFactorDL > 1, the same symbol allocation is applied across the aggregationFactorDL consecutive slots. The UE may expect that the TB is repeated within each symbol allocation among each of the aggregationFactorDL consecutive slots. The aggregationFactorDL is configured by pdsch-AggregationFactor in PDSCH-Config, which means once it is configured, the UE will apply the same aggregation factor to all its data packets regardless of the traffic types. For users with a mix of URLLC and eMBB traffic, the selection of aggregation factor shall take both of the traffic type into consideration. If the aggregation factor is chosen to meet the reliability of URLLC, the throughput for eMBB data would be reduced, while if the aggregation factor is configured to fit the eMBB transmission, the reliability of URLLC would not be guaranteed. Therefore, it is expected that different aggregation factors could be configured for different traffic types and UE select the corresponding aggregation factor based on the RNTI that are used to scramble the scheduling DCI. 
Same situation happens in PUSCH repetition. It is also expected that different aggregationFactorUL could be configured for different traffic types and UE select the corresponding aggregation factor based on the RNTI that are used to scramble the scheduling DCI or the DCI formats if new DCI format (i.e. compact DCI) is supported for URLLC.
Proposal 5: Multiple pdsch-AggregationFactor，pusch-AggregationFactor should be configured by RRC signaling and UE can select one aggregation factor according to the RNTI which are used to scramble the scheduling DCI or DCI format.
3 Conclusion
In this contribution, we discussed the potential solutions for Scenario 1 and Scenario 3 focusing on intra-UE DL/UL prioritization/multiplexing between two PDSCHs/PUSCHs associated with different priorities, the following proposals are made:
[bookmark: _Hlk521069310]Proposal 1: For any two HARQ process IDs A and B for a given cell, if the scheduling DCI scrambled by C-RNTI for unicast PUSCH/PDSCH transmission A comes before (in time) the scheduling DCI scrambled by MCS-C-RNTI and/or C-RNTI for unicast PUSCH/PDSCH transmission B, UE can be scheduled such that PUSCH/PDSCH for B is before PUSCH/PDSCH for A.
Proposal 2: For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission with C-RNTI scrambled DCI for A comes before the scheduled unicast PDSCH transmission with MCS-C-RNTI and/or C-RNTI scrambled DCI for B, UE can be triggered to send the HARQ-ACK for A after the HARQ-ACK for B.
Proposal 3: The closed loop power control mechanism needs to be enhanced if out-of-order scheduling is supported.
Proposal 4: The reference point and the adjustment amount can be re-described as: 
· 
The reference point is , where the UL grant scheduling PUSCH transmission occasion i-r is no later than the UL grant scheduling PUSCH transmission occasion i and r is the minimum positive integer that meets the above conditions
· the adjustment amount shall be the sum of delta indicated in the UL grant which is transmitted between the UL grant scheduling PUSCH transmission occasion i-r (not included) and the UL grant scheduling PUSCH transmission occasion i (included).
Proposal 5: Multiple pdsch-AggregationFactor，pusch-AggregationFactor should be configured by RRC signaling and UE can select one aggregation factor according to the RNTI which are used to scramble the scheduling DCI or DCI format.
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Appendix
TS 38.214 v.15.3.0
For any two HARQ process IDs in a given cell, if the UE is scheduled to start receiving a PDSCH in symbol j by a PDCCH starting in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than symbol j with a PDCCH starting later than symbol i.
For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.
The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.
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