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1 Introduction
At RAN1 NR Ad-hoc and RAN1#88 meeting, the following has been agreed on multiplexing of eMBB and URLLC in DL [1]-[2].
	Agreements at RAN1 NR Ad-hoc#1:
· For DL, support indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s)
· FFS: Details of the granularity for impacted region used in the indication 
· e.g., PRB (group)/symbol (group)/mini-slot (group)/CB (group)/TB/Slot
· The indication is transmitted at one of the following (will be down selected later)
· during current eMBB TTI
· after current eMBB TTI
· during and after current eMBB TTI
· The indication is one of the following (will be down selected later)
· explicit
· implicit
· explicit and implicit
Agreements at RAN1 NR Ad-hoc#1:
· DL dynamic resources sharing between eMBB and URLLC is supported without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources.
· No specific specification work is expected  
· The above should be captured into TR 38.802

Agreements at RAN1 #88:
· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding
· FFS details
Agreements at RAN1 #88:
· 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 based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB



In this contribution, we discuss preemption-based multiplexing of eMBB and URLLC in DL and provide our view about indication of preempted eMBB resources to the corresponding eMBB UE(s).

2 Discussion on Multiplexing between eMBB and URLLC in DL
In the previous RAN1 meetings, several methods have been proposed for dynamic resource sharing between URLLC and eMBB such as the preemption approach on resources scheduled for ongoing eMBB traffic and the scheduling-based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing both on different time duration and/or separate frequency regions. During RAN1 NR Ad-hoc#1 meeting, it has been agreed to support an indication of time and/or frequency region of impacted eMBB resources to the respective eMBB UE(s) as well as to support DL dynamic resources sharing between eMBB and URLLC without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources. In addition, at RAN1 #88, there have been agreements on the indication, which can be dynamically signaled to a UE in order to increase the likelihood of successful demodulation and decoding of the transmitted TB(s).
As for the indication of impacted eMBB resources by URLLC transmission to the corresponding eMBB UE(s), there would be several approaches depending on the timing when the indication of preempted resources by URLLC transmission is transmitted to the scheduled eMBB UEs.
· Pre-indication
The pre-indication is to give an indication of preemption prior to an URLLC transmission to the eMBB UE. There have been some proposals such as a pre-indication by separate URLLC control channel including the resource allocation information of the URLLC transmission and a preamble or PCFICH like indicator to first transmit the indication of an upcoming URLLC transmission [3]. However, the pre-indication method would require the eMBB UE(s) to monitor control channel for pre-indication at the possible candidate symbol(s), otherwise, eMBB UE(s) does not know both the preemption occurrence by URLLC transmission and impact of eMBB transmission due to sporadic URLLC transmission. Therefore, this method might increase eMBB UE’s decoding complexity and power consumption of eMBB UE due to pre-indication decoding. 
· Observation 1: The pre-indication method would be required for the eMBB UE(s) to monitor control channel for pre-indication at the possible candidate symbol(s) which might increase eMBB UE’s decoding complexity and power consumption.
· Post-indication
One of post-indication methods is to send the information about preemption of URLLC transmission to the eMBB UE(s) at the end of the current eMBB transmission or after current eMBB transmission. The post-indication method can inform explicitly the eMBB UE of pre-empted or impacted portion of eMBB resources by including allocation information of URLLC in a DCI of the downlink control channel after current eMBB transmission or in a common DCI including the resource allocation information of the URLLC transmission at the end of the current eMBB transmission or after current eMBB transmission [2]. As the UE associated operation, eMBB UE(s) would try to decode eMBB transmission first and if fails its decoding, then eMBB UE(s) can know whether or not existence of URLLC transmission when decoding post-indication information in pre-defined position e.g. at the ending part of the eMBB transmission or at the position of control channel in the next scheduling slot for eMBB transmission. Although it does not require for the eMBB UE(s) to constantly monitor for DCI at the possible candidate symbol(s) as pre-indication approach, it would be still required for eMBB UE to have blindly decoding a separate control channel, which increases eMBB UE’s complexity and power consumption in case that the indication is transmitted by the separate control channel at the end of eMBB transmission or after current eMBB transmission. 
· Observation 2: The explicit post-indication method would be required for the eMBB UE(s) to have blindly decoding a separate control channel at the end of eMBB transmission or after current eMBB transmission which can increase eMBB UE’s complexity and power consumption. 
As another approach for post-indication, we propose for the gNB to indicate an implicit information about preemption by URLLC transmission to eMBB UE(s) e.g., by doing phase or constellation rotation, on the only DM-RS and/or including eMBB data transmission after URLLC transmission or at the end of the current eMBB transmission when URLLC transmission is occurred on the scheduled resources of the eMBB transmission. Then, the eMBB UE(s) would have similar decoding behavior as an explicit post-indication for eMBB data reception. In contrast to explicit post-indication, the implicit indication is beneficial to not decode the indication blindly at the separate control channel without designated resources for the indication. That implies that the implicit indication can be more appropriate in terms of the eMBB UE’s decoding complexity and efficient resource utilization without any specification efforts for designing a separate control channel. In other words, it would be enough for eMBB UE(s) to detect implicit indication of preempted information e.g., phase rotated information or constellation rotation, on DM-RS and/or data of eMBB transmission after URLLC transmission. 
· Proposal: we propose to further consider for eMBB UE to blindly detect preempted information e.g., by phase or constellation rotation, on the only DM-RS or including data of eMBB transmission as implicit post-indication method.
3 Conclusion
In this contribution, we discussed preemption-based multiplexing of eMBB and URLLC in DL and provide our view on the indication methods of preempted eMBB resources by URLLC transmission as following:
· Observation 1: The pre-indication method would be required for the eMBB UE(s) to monitor control channel for pre-indication at the possible candidate symbol(s) which might increase eMBB UE’s decoding complexity and power consumption.
· Observation 2: The explicit post-indication method would be required for the eMBB UE(s) to have blindly decoding a separate control channel at the end of eMBB transmission or after current eMBB transmission which can increase eMBB UE’s complexity and power consumption. 
· Proposal: we propose to further consider for eMBB UE to blindly detect preempted information e.g., by phase or constellation rotation, on the only DM-RS or including data of eMBB transmission as implicit post-indication method.
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