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1
Introduction
In this contribution we discuss the open issues for the concept of preemptive scheduling as a downlink solution to have efficient multiplexing of eMBB and low latency communication (LLC) traffic such as e.g. URLLC [1]. We build on the following latest RAN1 agreements: 
· No new physical channel specific for indication of DL resources being preempted by another DL transmission is introduced 

· FFS whether the indication is based on NR-PDCCH or a group common PDCCH

· FFS location of the indication

· FFS timing of the indication

2
Indication of preemptive scheduling in DCI
It is agreed that having indication of preemptive scheduling to the affected eMBB UE is beneficial. It should basically tell the receiving eMBB UE which code blocks contain at least partially unusable information. It is suggested to have the preemptive indication in the NR-PDCCH of any subsequent slot without needing to wait for the full HARQ loop. There can be practical restrictions on when the UE is able to use the indication in the first decoding attempt, and it can highly depend on UE capability and implementation. Moreover, when scheduling a HARQ retransmission (of an earlier preempted eMBB transmission), the gNB could indicate as part of the scheduling grant (i.e. on the NR-PDCCH) the part of the original transmission that was preempted, and the gNB could even schedule the retransmission prior to receiving the HARQ-ACK. The granularity of this indication could be CBGs, OFDM symbols or something else. Regardless it is always possible to build a link between preempted resources and affected code blocks.

Proposal 1: The gNB should be able to inform the UE of the damaged transmission part of an earlier transmisson when scheduling the HARQ retransmission within the DCI on NR-PDCCH.

Proposal 2: There needs to be a deterministic dependency between the preempted resource indication and affected code blocks. The granularity of the preemptive indication could be CBGs, OFDM symbols or something else.
Proposal 3: The gNB should be able to transmit HARQ retransmission before receving HARQ-ACK.
Related to Proposal 3, the gNB should have the freedom to decide if retransmission of the full TB or only partial TB (i.e. CBG-based transmission) is issued. Similarly, if an earlier TB, which may have experienced preemption, was indicated as undecodeable through UE’s multi-bit HARQ feeback, or possibly due to other reasons, the gNB can issue a partial TB retransmission of only a subset for the CBGs.
However, self-contained operation for eMBB should also be supported in case of pre-emption. In this case, it would not be possible for the UE to use the indication to complete the first decoding in time for HARQ-ACK feedback. But the indication and the CBG-based (re-)transmission can be sent in any subsequent slot for the UE to fully recover the eMBB data. This in fact points to the importance of being able to transmit the indication and CBG-based (re-)transmission even after the HARQ-ACK feedback.
Proposal 4: CBG-based transmission mechanism is reused for the (re-)transmission of the pre-empted part of the TB.
It should furthermore be noticed that preemptive scheduling is naturally only needed for cells with high traffic load, and a mixture of eMBB and URLLC type of traffic. Hence, for cells with only RRC Connected UEs with eMBB type of traffic, support for preemptive scheduling does not need to be enabled. On a similar note, for cells with high load and both eMBB and URLLC, support for preemptive scheduling naturally offer benefits. This leads the following:
Proposal 5: It should be possible for the gNB to configure eMBB UEs via higher layer if signaling of information to indicate potential preemption is enabled.

It requires further studies to determine exactly what information is carried and how many bits are needed for carrying the indication of the preempted resources of the eMBB transmission. The solution should provide a good tradeoff between performance and overhead.  
4
Conclusion
In summary, we conclude the contribution as follows:
Proposal 1: The gNB should be able to inform the UE of the damaged transmission part of an earlier transmisson when scheduling the HARQ retransmission within the DCI on NR-PDCCH.
Proposal 2: There needs to be a deterministic dependency between the preempted resource indication and affected code blocks. The granularity of the preemptive indication could be CBGs, OFDM symbols or something else.
Proposal 3: The gNB should be able to transmit HARQ retransmission before receving HARQ-ACK.
Proposal 4: CBG-based transmission mechanism is reused for the (re-)transmission of the pre-empted part of the TB.
Proposal 5: It should be possible for the gNB to configure eMBB UEs via higher layer if signaling of information to indicate potential preemption is enabled.
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