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1 Introduction
Considering the UE implementation complexity, the following agreements were made in RAN1#93 meeting for scheduling restriction of unicast PDSCH/PUSCH [1].
	Agreement:
· For any two HARQ process IDs A and B for a given cell, 

· If the scheduling DCI scrambled by C-RNTI for unicast PUSCH transmission A comes before (in time) the scheduling DCI scrambled by C-RNTI for unicast PUSCH transmission B, then for the Dec. 2017 baseline capability
· UE is not expected to be scheduled such that PUSCH for B is before the PUSCH for A
· For any two HARQ process IDs A and B for a given cell, 
· If the scheduling DCI scrambled by C-RNTI for unicast PDSCH transmission A comes before (in time) the scheduling DCI scrambled by C-RNTI for unicast PDSCH transmission B, then for the Dec. 2017 baseline capability
· UE is not expected to be scheduled such that PDSCH for B is before the PDSCH for A


That is, the out-of-order scheduling and HARQ are not considered for the Dec. 2017 baseline capability. 
However, considering the objectives of Ultra-Reliable and Low Latency Communication (URLLC) [2] for NR Rel-16, the limitation of out-of-order scheduling may not satisfy the requirement of short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and electrical power distribution). Therefore, during RAN1 Ad-Hoc 1901 meeting, we have the following agreements on further investigating the intra-UE prioritization and multiplexing for different service types:
	Agreement:
For supporting the out-of-order PDSCH-to-HARQ and PDCCH-to-PUSCH between two HARQ processes on the active BWP of a given serving cell, the companies are encouraged to perform further analysis, including at least the following aspects:

· The details of the dropping rules if allowed

· The conditions (if any) under which the UE is expected to process the out-of-order channels


In this contribution, we present our views on the supporting of out-of-order scheduling and HARQ for Rel-16 URLLC.
2 Discussion
To meet the short latency in the order of 0.5 to 1 ms requirements in URLLC, we should support and further discuss on the out-of-order scheduling and HARQ in Rel-16. Generally, the eMBB traffic is more acceptable for relaxed latency requirement than URLLC traffic. It is reasonable that gNB would indicate a relaxed response time for eMBB traffic considering possible out-of-order scheduling. Therefore, it would be better for UE to handle both eMBB and URLLC traffic during the out-of-order scheduling if the UE capability can satisfy the mixed processing timeline, especially considering the URLLC traffic with higher priority than eMBB. Regarding to the lower priority traffic, the UE can ignore the scheduling DCI for out-of-order scheduling for the case of UL transmission, or the UE can skip decoding the transport block for PDSCH with lower priority. 
For example, as shown in figure 1, a UE is scheduled to receive two PDSCHs with out-of-order HARQ-ACK feedback timing and these PDSCHs are scheduled with different service types (e.g., eMBB and URLLC), respectively. In order to keep the efficiency of resource utilization and data scheduling, it is preferred to handle all PDSCHs with out-of-order HARQ-ACK feedback timing without any dropping. Therefore, the UE shall first determine whether all PDSCHs have enough processing time for corresponding HARQ-ACK feedback and decide whether to perform PDSCH dropping or not. For example, the UE can determine whether the HARQ-ACK feedback time for PDSCH#A (e.g., T1) is larger than the PDSCH processing time of PDSCH#A (e.g., Tproc,1A) and PDSCH#B (e.g., Tproc,1B). Then the UE can process both PDSCH#A and PDSCH#B without dropping if T1 ≥Tproc,1A + Tproc,1B. Otherwise, the PDSCH with lower priority (i.e., PDSCH#A) should be dropped. According to the NR specification, the processing time for a PDSCH (e.g., Tproc,1A or Tproc,1B) is determined according to the UE capability and scheduling parameters (e.g., DMRS position, number of PDSCH symbols, etc.). Therefore, different PDSCH may have different processing time and it should be taken into account when handling the process of out-of-order HARQ.
Proposal 1: The processing time of each PDSCH (or PUSCH) should be taken into account when handling the process of out-of-order HARQ (or scheduling).
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Figure 1: Illustration of out-of-order HARQ.
According to above discussion, it would be necessary to support differentiation of eMBB and URLLC in physical layer in order to identify the process of out-of-order channels. Following are some options to distinguish the URLLC and eMBB traffic:

Option 1: Differentiate by RNTI. A new RNTI used to represent the URLLC traffic. In order to avoid much specification impact, it is suggest reusing “MCS-C-RNTI” defined in Rel-15 for URLLC traffic.
Option 2: Differentiate by scheduling/HARQ-ACK timing. For example, a PDSCH with shorter HARQ-ACK feedback timing has higher priority than the other one when out-of-order HARQ-ACK occurs. This scheme is simple for UE implementation and more reasonable for the situation we discussed. 
Option 3: Differentiate by search space. For example, a search space indicated as eMBB-specific or URLLC-specific search space and the UE can identify the difference during DCI blind detection. However, the scheduling flexibility at gNB side should be considered. Moreover, it should be further discussed when different search spaces are overlapped.
Considering the implementation complexity and specification effort, options 1 and 2 are more preferable for the differentiation of eMBB/URLLC traffic.
Proposal 2: Differentiation of eMBB and URLLC should be supported in physical layer in order to identify the process of out-of-order channels.
Proposal 3: The eMBB and URLLC traffics can be differentiated by RNTI or scheduling/HARQ-ACK timing.
3 Conclusion

Based on our discussions, we have the following proposal:
Proposal 1: The processing time of each PDSCH (or PUSCH) should be taken into account when handling the process of out-of-order HARQ (or scheduling)..

Proposal 2: Differentiation of eMBB and URLLC should be supported in physical layer in order to identify the process of out-of-order channels.
Proposal 3: The eMBB and URLLC traffic can be differentiated by RNTI or scheduling/HARQ-ACK timing.
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