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1. Introduction 

In this contribution, we provide our views on DL scheduling for URLLC, including intra-UE multiplexing of eMBB PDSCH and URLLC PDSCH and related UE procedures. 

2. Discussion
2.1. Intra-UE multiplexing of eMBB DL and URLLC DL
For a UE supported by both eMBB and URLLC service, it is assumed that UE can differentiate eMBB/URLLC service in PHY layer. Actually, PHY layer can obtain the service information based on DCI. For example, for a UE with simultaneous eMBB and URLLC transmission, UE can be aware of a URLLC scheduling DCI. The PUSCH or HARQ-ACK of PDSCH corresponding to URLLC DCI are also known by the UE. Details can refer to our companion contribution [1].
 Observation 1: UE can differentiate eMBB ACK/NACK and URLLC ACK/NACK in PHY layer.
For a UE supporting both eMBB and URLLC services, it may have scheduled eMBB and URLLC data transmission simultaneously, i.e. a URLLC PDSCH is scheduled in a slot that is already allocated to an eMBB PDSCH. In such case, the URLLC PDSCH and eMBB PDSCH are scheduled in the overlapped time resources, while overlapped or non-overlapped frequency resources are allocated to eMBB and URLLC PDSCH. Examples are given in Figure 1. As shown in case 1 in Figure 1 (a), a UE is scheduled with an eMBB PDSCH. After that, a URLLC PDSCH is scheduled with non-overlapping frequency resources with eMBB PDSCH. Another example is shown in case 2 in Figure 1. A URLLC PDSCH is scheduled with overlapping frequency resources with eMBB PDSCH. For both cases the URLLC PDSCH has overlapped symbols with eMBB PDSCH. 
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Figure 1: Example of intra-UE multiplexing between scheduling-based eMBB DL and scheduling-based URLLC DL
For both cases, handling the reception of PDSCHs from different services overlapping in time is needed. Since latency requirement needs to be satisfied for URLLC service, URLLC PDSCH reception should be prioritized. One solution is that UE decodes eMBB and URLLC PDSCHs within a slot. However, it could lead to increasing complexity and latency for UE reception. Therefore, such new UE capability needs to be defined. For UE not supporting simultaneously reception of different PDSCHs, the UE decodes URLLC PDSCH and cancels eMBB PDSCH decoding. 
Proposal 1: In case of overlapping in time within a slot between eMBB PDSCH and URLLC PDSCH,

· For UE supporting simultaneous eMBB PDSCH and URLLC PDSCH reception, UE decodes both eMBB PDSCH and URLLC PDSCH.

· For UE NOT supporting simultaneous eMBB PDSCH and URLLC PDSCH reception, UE decodes URLLC PDSCH and cancels decoding eMBB PDSCH. 
When UE is configured with semi-static HARQ-ACK codebook, there may be issue while determining the HARQ-ACK codebook size for UE support simultaneous eMBB and URLLC PDSCH reception. According to the specification, UE determines the semi-static HARQ-ACK codebook based on K1 table and TimeDomainResourceAllocation table such that HARQ-ACK codebook size in a slot is equal to the max number of non-overlapping candidate unicast PDSCH occasions per slot. An example in shown in the Figure 2. For this slot, there are three non-overlapped candidate PDSCH occasions according to the SLIV in the TimeDomainResourceAllocation table. In this case, the HARQ-ACK codebook for that slot consists of three fields each of which corresponds to a candidate PDSCH occasion. 
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Figure 2: Example of semi-static HARQ-ACK codebook determination according to candidate PDSCH occasions
When eMBB PDSCH and URLLC PDSCH are scheduled in the same slot and UE decodes both eMBB PDSCH and URLLC PDSCH, UE has no chance to feedback both eMBB ACK/NACK and URLLC ACK/NACK in the same HARQ-ACK codebook if eMBB PDSCH and URLLC PDSCH belong to the same candidate PDSCH occasion. One simple solution is that gNB does not schedule eMBB PDSCH and URLLC PDSCH in the symbol resources which belong to the same candidate PDSCH occasion. However, it may put limitation on the scheduling flexibility and may lead to increased latency for URLLC scheduling. Therefore, further enhancement for semi-static HARQ-ACK codebook for UE supporting simultaneous eMBB PDSCH and URLLC PDSCH reception can be considered.
Proposal 2: Further enhancement for semi-static HARQ-ACK codebook for UE supporting simultaneous eMBB PDSCH and URLLC PDSCH reception can be considered.
3. Conclusion

In this contribution, we discussed design and related procedure for DL scheduling for URLLC. The observation and proposals are summarized below.
Observation 1: UE can differentiate eMBB ACK/NACK and URLLC ACK/NACK in PHY layer.

Proposal 1: In case of overlapping in time within a slot between eMBB PDSCH and URLLC PDSCH,

· For UE support simultaneous eMBB PDSCH and URLLC PDSCH reception, UE decodes both eMBB PDSCH and URLLC PDSCH.

· For UE NOT support simultaneous eMBB PDSCH and URLLC PDSCH reception, UE decodes URLLC PDSCH and cancels decoding eMBB PDSCH. 
Proposal 2: Further enhancement for semi-static HARQ-ACK codebook for UE supporting simultaneous eMBB PDSCH and URLLC PDSCH reception can be considered.
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