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Introduction
The following agreements have been made at RAN1 #88[1] and #88bis meeting [2] on preemptive transmissions of URLLC over eMBB in the DL.
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block Good night to you too!based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB
· 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
Other agreements relating to Code Block Group (CBG) transmission include the following [1], [2].
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
1. CBG granularity is configurable for grouping CB(s) into CBG(s), the following options can be considered.
0. Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.
0. FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs
0. Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.
0. Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.
2. FFS: for the case of re-transmission
0. FFS on details of each option
0. FFS: CBG is approximately aligned with symbol(s)
0. Other options are not precluded
On HARQ-ACK the following agreements are relevant to this discussions [1]
1. HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.
0. FFS: in case of CBG-based re-transmission.

In view of the above agreements in 3GPP NR, we discuss ways to enable indication of preemption in the DL to an eMBB UE and subsequent retransmission of preempted resources to the eMBB UE.

Preemption indication in DL and Subsequent retransmission
[bookmark: _Ref471386577]Retransmission of preempted eMBB resources may occur in the following ways. Figure 1 illustrates the related concept.
a. The retransmission occurs before gNB receives A/N feedback. This can be handled in the following ways.
· The retransmission occurs in the following slot as shown in Figure 1A where the eMBB UE processes the retransmission caused by URLCC preemption and transmits it’s A/N on the resources allocated for the original transmission if the A/N time line supports the latency. This approach has latency constraints but doesn’t need to allocate another UL resource for retransmission of A/N. Here the preemption indication to the eMBB UE may occur on a control resource within the preempted slot or in a subsequent slot and indicate the resources that are preempted at a granularity. The preemption indication may also indicate the new DL resources where the supplemental transmission or retransmission of preempted eMBB resources occurs. In the example in Figure 1A, the preemption indication arrives in the control region of the following slot.
· The retransmission occurs in the following as shown in Figure 1B where the eMBB UE is configured/allocated with new A/N resource for the supplemental transmission or retransmission caused by the preemption.. This approach is less latency constrained on the retransmission timeline. Here again the preemption indication to the eMBB UE may occur on a control resource within the preempted slot or in a subsequent slot, and it may indicate the preempted resources and new DL resources for the supplemental transmission or retransmission, as well as the new resources for A/N. In the example in Figure 1B, the preemption indication arrives in the control region of the following slot.
As discussed in the examples above, the preemption indication may occur within the slot where the preemption occurs – for example, it may occur in the last symbol of the preempted slot. But this implies that the eMBB UE must monitor DCI on the last symbol for preemption indication although the subsequent transmission will still occur on a different slot. 
Observation 1: Retransmission of preempted resources may be done in different ways. NR should consider the resource overhead and latency in evaluating the solutions.
Observation 2:  As subsequent retransmissions occur in a slot following a preempted slot, preemption indication through the DCI in a subsequent slot is sufficient. Preemption indication in the last symbol of the preempted slot implies additional DCI monitoring and is not preferred.

b. A retransmission occurs only after A/N feedback, i.e., Nack is received at the gNB. This can happen in the following ways. 
· As shown in Figure 1C, the slot that carries the subsequent retransmission carries the preemption indicator which indicates the preempted resources which may be flushed out in the buffer by the impacted eMBB UE before chase combining – similar to regular retransmissions, except for the additional indication of the resources to flush out. Note that this approach has more latency as the retransmission occurs after A/N feedback. 
· If the URLLC transmissions are distributed across a wide range of frequency resources, the number of preempted eMBB symbols within a CB may be small and thus the eMBB UE may recover from the preemption with mere knowledge of the preempted resources. In this case the preemption indication may provide information on the preempted resources to guide the affected eMBB UE to decode received data with awareness of the preemption. If the eMBB UE recovers the CB, no subsequent retransmission is necessary. But if the eMBB UE fails to decode it and sends a Nack, then the gNB will retransmit the impacted resources. This scenario is illustrated in Figure 1D.


[bookmark: _Ref478037280]Figure 1 Retransmission and preemption indication in DL 
Regarding granularity of preemption indication, either impacted CBs or CBGs or symbols may be indicated. Indication of finer granularity is preferred but the preemption indication overhead and retransmission resources must be considered in the process.
Observation 3: NR may indicate preemption in granularity of impacted CBs, CBGs or symbols.
Within a TB, both preemption of certain CBGs and failure of certain CBGs due to channel conditions may occur. In this case, the gNB should be able to retransmit the preempted and erroneous CBGs with appropriate redundancy versions (RVs) for the retransmission.
Observation 4: NR may consider ways to set RV for each retransmitted CBG within a retransmission.

Conclusion
In this contribution, we make the following observations on DL preemption of eMBB resources.
Observation 1: Retransmission of preempted resources may be done in different ways. NR should consider the resource overhead and latency in evaluating these solutions.
Observation 2:  As subsequent transmissions occur in a slot following a preempted slot, preemption indication through the DCI in a subsequent slot is sufficient. Preemption indication in the last symbol of the preempted slot implies additional DCI monitoring and is not preferred.
Observation 3: NR may indicate preemption in granularity of impacted CBs, CBGs or symbols.
Observation 4: NR may consider ways to set RV for each retransmitted CBG within a retransmission.
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