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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. In RAN#81 meeting, the SID for study on NR industrial internet of things (IoT) was updated and approved. According to the SID, we have following objectives regarding to the intra-UE prioritization and multiplexing:
b) UL/DL intra-UE prioritization/multiplexing, i.e. prioritization (for example dropping, delaying or puncturing lower priority service) between different categories of traffic in the UE, including both data and control channels and considering (RAN2/RAN1):

i) different latency and reliability requirements
ii) Different types of resource allocation for example grant-free and grant-based allocations
Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.
In this contribution, we present our views on the supporting of out-of-order scheduling and HARQ for Rel-16 URLLC.
2 Discussion
During RAN1#94bis meeting, the scheduling restriction of DL HARQ processes for NR Rel-15 was clarified as following:

“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. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the ending symbol of the first PDSCH with a PDCCH that does not end earlier than symbol i”
Simlilarly, the restriction of UL HARQ processes was clarified as:
“A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the ending symbol of the first PUSCH by a PDCCH that does not end earlier than symbol i”.

Above sentences can be illustrated by Figure 1, the limitation of resource scheduling and HARQ-ACK feedback in current specification may influence the requirements of URLLC traffic. For example, for a UE with a mix of URLLC and eMBB traffic, a PDSCH is firstly scheduled for eMBB traffic in slot#0 (as show in Figure 1(A)) and corresponding HARQ-ACK feedback is scheduled in slot#5. In this case, a subsequent URLLC traffic cannot be scheduled for the same UE if corresponding HARQ-ACK should be replied before slot#5. Thus it may not be tolerable for URLLC traffic in transmission latency if it arrives during the eMBB process. Moreover, similar issue is foreseeable for PUSCH transmission considering the mix of URLLC and eMBB traffic.
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Figure 1: Illustration of out-of-order scheduling and HARQ
Therefore, in order to satisfy the requirements of URLLC traffic, the out-of-order scheduling and HARQ should be supported in Rel-16 and how to define the corresponding behaviour should be discussed. Since the eMBB traffic is more acceptable for relaxed latency requirement. 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, otherwise, the URLLC traffic should has higher priority than eMBB. As for 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. 
Proposal 1: Out-of-order scheduling and HARQ should be supported in Rel-16 URLLC.
According to above discussion, it would be necessary to support differentiation of eMBB and URLLC in physical layer in order to give higher priority to URLLC over eMBB. There are several options can be utilized to distinguish the URLLC and eMBB traffic:

Option 1: Differentiate by RNTI. A new RNTI could be utilized to represent th 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-CK 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 can be 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 from physical layer perspective.
Proposal 3: The eMBB and URLLC traffic can be differentiated by RNTI or scheduling/HARQ-ACK timing.
3 Conclusion

Based on our discussions, we have the following proposal:
Proposal 1: Out-of-order scheduling and HARQ should be supported in Rel-16 URLLC.

Proposal 2: Differentiation of eMBB and URLLC should be supported from physical layer perspective.
Proposal 3: The eMBB and URLLC traffic can be differentiated by RNTI or scheduling/HARQ-ACK timing.
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