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Introduction
In the RAN1 #87 meting, the following was agreed to on the topic of multiplexing of eMBB and URLLC [1].
· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic
Further details on how URLLC resources are scheduled, whether the URLLC resources are indicated to the eMBB user, etc. are being studied.
Preemption-based URLLC Resource Allocation
When URLLC resources are preemptively granted, the question of whether the impacted eMBB UE must be notified or not arises. We discuss different possible scenarios with and without an indication to the eMBB UE impacted by a URLLC’s DL preemptive transmission.
[bookmark: _Ref471386577]No Indication to eMBB UE 
If no indication is given to the eMBB UE impacted by a URLLC preemptive transmission, the response is left to the NR-Node. The NR-Node may retransmit the payload as a new HARQ transmission or attempt one or more retransmissions to the eMBB UE. However, the achieved capacity is expected to be lower than the other schemes for typical scenarios due to the need for multiple retransmissions.
Late Indication to eMBB UE 
The NR-Node may also indicate to the UE that a URLLC transmission was preemptively allocated over the eMBB resources at a time such that the eMBB UE cannot use this information while decoding its payload but may still be able to subsequently use the information during HARQ combining. For example, while combining a retransmission, the eMBB can discard the impacted resources in the prior transmission due to corruption from the URLLC transmission. The indication may be sent along with HARQ information; so the eMBB UE may not incur additional processing overhead for detecting the indication of a URLLC preemptive transmission.
Timely Indication to eMBB UE 
If the NR-Node timely indicates to the eMBB UE that a URLLC DL transmission has been premeptively allocated over the scheduled or on-going eMBB DL resources, then the eMBB UE can use this information while decoding its payload preempted by the URLLC transmission. For example, knowledge of the URLLC resources will enable the eMBB UE to discard the punctured resources and appropriately decode the rest of its payload. 
Performance Evaluation
Figure 1 illustrates simulation modeling for URLLC puncturing through eMBB data. Figure 2 shows the simulation results for eMBB punctured by a URLLC transmission with (a) AWGN channel and (b) LTE EVA channel.
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(a) eMBB Transceriver with Fading Channel
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(b) URLLC Preemption over eMBB Data
[bookmark: _Ref471743926]Figure 1 Simulation Model
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(a) AWGN Channel, eMBB QPSK

[image: cid:image002.jpg@01D26842.2270BE30]MMSE receiver with ideal channel estimation and noise estimation


(b) LTE EVA Channel, eMBB 256QAM

[bookmark: _Ref471728953]Figure 2 eMBB’s Performance Comparison with URLLC Preemption [2]
As shown in Figure 2,  eMBB UE’s performance is generally impacted by URLLC’s preemptive transmission. The higher percentage resources are preempted by URLLC transmission, the worse the performance impact to the eMBB UE. Also performance degradation with knowledge of URLLC’s preemption is less than that of the one without the knowledge of URLLC’s preemption.
Observation 1: timely indication to the eMBB UE impacted by URLLC DL preemptive transmission may reduce eMBB UE’s performance degradation.
So there are scenarios where timely indication of the URLLC preemption resources to the eMBB UE may mitigate the performance impact to eMBB. The performance loss from the puncturing depends on the amount of the punctured resources. In this context we recommend that NR should study the design of eMBB code blocks (CBs) more carefully as a simple frequency-first mapping may not minimize the loss from puncturing. 
Proposal 1: NR may consider study of eMBB CB mapping to the resources grid if it adopts timely indication of URLLC preemptive transmission to the eMBB UE.
Also note that this approach implies additional burden on the eMBB UEs to detect an indication of a preemptive URLLC transmission.
Discussion
Each of the approaches above has its pros and cons. The choice of the approach may be left to the NR-Node’s and UE’s capabilities
Proposal 2: NR may allow both indication and non-indication based schemes to co-exist.
Conclusion
In this contribution, we discussed several options for supporting eMBB and URLLC mixing. Each option has its pros and cons in the aspect of performance and processing overhead. Based on the discussion, we propose that RAN1 should further study these design options to support eMBB and URLLC mixing in NR.
Observation 1: timely indication to the eMBB UE impacted by URLLC DL preemptive transmission may reduce eMBB UE’s performance degradation.
Proposal 1: NR may consider study of eMBB CB mapping to the resources grid if it adopts timely indication of URLLC preemptive transmission to the eMBB UE.
Proposal 2: NR may allow both indication and non-indication based schemes to co-exist.
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