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Introduction
The work on eURLLC SI was concluded during the RAN1 #96. Based on the outcome of the work, the following areas are recommended to be pursued during the work item phase:
1) PDCCH enhancements
· Introducing a DCI format scheduling eURLLC
· Improving the PDCCH monitoring capability
2) UCI enhancements with the focus on enabling multiple HARQ-ACK reporting per slot
3) Dynamic and configured PUSCH enhancements to address the slot boundary issue
4) Scheduling/HARQ enhancements
· Out-of-order HARQ-ACK operation for different HARQ process IDs
· Out-of-order PUSCH scheduling for different HARQ process IDs
5) Inter-UE multiplexing schemes
· Uplink preemption indication
· Enhanced uplink power control schemes
6) Enhanced uplink configured grant transmission.

In addition, RAN1 extensively analyzed and discussed the possibility of introducing a new PDSCH and PUSCH processing timelines in order to reduce the overall latency and to enable an efficient network operation. Further, RAN1 discussed the intra-UE multiplexing and collision handling scenarios identified by RAN2 [1], and recommended to support the handling of the first 5 scenarios during the Rel. 16 work item phase. 
In the remainder of this paper, we present our views on the essential aspects of the eURLLC design to be considered during the Rel. 16 work item phase. 
Views on Uplink Preemption Indication 
Uplink preemption indication (ULPI) is introduced as a promosing way to protect the eURLLC uplink from strong intra-cell interference. Given the stringent latency requirement of eURLLC applications, the eURLLC scheduling is much more frequent as compared to the eMBB scheduling. As a consequence, eURLLC may need to be scheduled over the resources that are already assigned to an eMBB user. In the absence of any specific consideration, the concurrent eMBB uplink transmission incurs significant interference on eURLLC uplink transmission, thereby degrading its performance. 
The ULPI can be used by the scheduler to reclaim some of the resources already allocated to other eMBB users, and allocate them to the eURLLC users. As shown in [2], by providing an interference-free channel for the cell-edge eURLLC users, the eURLLC capacity can considerably be improved. Further, when ULPI is enabled by the network, the eURLLC resource utilization reduces. This leads to a better eMBB performance. 
Proposal 1: Uplink preemption indication should be specified in Rel. 16 eURLLC.
Views on Intra-UE Prioritization and Multiplexing 
In RAN1#96, RAN1 recommended the handling of the following 5 scenarios identified by RAN2 [1]:
· 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
Scenarios 1, 3, 4 and 5 aim at collision resolution between channels that are dynamically triggered. The handling of such scenarios can be done at the PHY layer and by RAN1 during the work item phase. Even for Scenario 2, which tries to handle the collision between the dynamic PUSCH and a configured PUSCH, RAN1 listed the possible solutions as follows:
Agreements:
For scenario 2 as listed in R1-1814342, in case the collision between configured grant and dynamic grant occurs in physical layer, options to determine the prioritization between configured grant and dynamic grant include at least – to be further investigated during the WI phase:
· Priority at PHY is determined by MAC layer for the purpose of PHY prioritization.
· Note: this may or may not have any RAN1 impact
· Priority at PHY is determined via using PHY channel(s)/signal(s)/parameters for the purpose of PHY prioritization.
· It is configurable as part of the configured grant configuration whether it should have higher priority than dynamic grant in case of conflict.
· Other options are not precluded.
As can be seen from this agreement, RAN1 has also considered some PHY-layer solutions to resolve the conflict for this scenario. 
In general, given that the collision handling across different channels should take the presence of other channels and the required timelines for PHY layer procedures, such as UCI multiplexing, into account, we propose that RAN1 should lead addressing the abovementioned scenarios during the work item phase. 
One example of Scenario 2, where the presence of other channels and the timelines of other procedures should be taken into account, is as follows: Consider the case where a PUCCH carrying HARQ-ACK, a dynamic PUSCH and a grant-free PUSCH are overlapping as shown in Figure 1 below.
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[bookmark: _GoBack]Figure 1: In the absence of PHY-layer differentiation, MAC has to decide which of the two PUSCHs should be transmitted, which would not meet N2 timeline in the example.
Now, assume that the collision between the dynamic PUSCH and GF-PUSCH resources should be resolved by MAC first. Then, the HARQ-ACK carried by PUCCH should be piggybacked on the winner channel. However, since there is no timeline associated with the MAC operation, by the time that MAC resolves the conflict, the timeline of the UCI multiplexing might be expired. 
Next, consider the same scenario, where the priority of the dynamic PUSCH is indicated by the PHY layer, e.g., using a DCI-based indication, and the priority of the GF-PUSCH is indicated semi-statically as part of the resource configuration. Under such assumptions, the UE knows which of the two PUSCH channels should be sent as soon as the UL DCI is detected. Hence, as shown in Figure 2 below, the UCI multiplexing timeline is satisfied, and the dynamic PUSCH along with the HARQ-ACK bits of PUCCH can be sent.


Figure 2: Assuming that PHY layer can resolve the collision between dynamic and GF PUSCH, since the UCI multiplexing timeline is satisfied, HARQ-ACK can be piggybacked on dynamic PUSCH.
[bookmark: _Hlk3051845]Proposal 2: RAN1 should lead the intra-UE multiplexing discussions for Scenarios 1-5 as identified in [1].  
Views on New PDSCH/PUSCH Processing Timing Capability 
RAN1 extensively studied the impact of reducing the PDSCH processing timing (N1) and PUSCH processing timing (N2) on the achievable latency and system capacity. As concluded in RAN1 #96, under the Rel. 15 timing capabilities, there are several scenarios, where two HARQ-based transmissions cannot be completed within the latency bound of 1ms in the downlink and the uplink. In such cases, introducing the new timing capability is essential. Considering the SR-based uplink transmission, the SLS results of [3] illustrate the capacity gain achieved by reducing N2.
It should be noted that introducing the new timeline for eURLLC users will likely call for additional operational constraints such as the number of BDs/CCEs per PDCCH monitoring occasions, TBS, number of layers, the length of the CORESET, the position of PDCCH and PDSCH with respect to each other, whether WBRS is used or not, etc. These constraints should be carefully considered and specified.
Proposal 3: For enabling efficient system performance, a new PDSCH/PUSCH processing timing capability should be introduced in Rel. 16. Further, the required operational constraints should be properly defined. 
Conclusion  
Proposal 1: Uplink preemption indication should be specified in Rel. 16 eURLLC.
Proposal 2: RAN1 should lead the intra-UE multiplexing discussions for Scenarios 1-5 as identified in [1].  
Proposal 3: For enabling efficient system performance, a new PDSCH/PUSCH processing timing capability should be introduced in Rel. 16. 
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