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1. Introduction
At the RAN1#86 meeting, the following agreements related to URLLC and eMBB multiplexing were approved:
· At least the following potential options should be considered

· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB

· FDM and/or TDM manner

· UL grant-free transmission for URLLC
· Other schemes are not precluded

· Dynamic resource sharing between URLLC and eMBB

· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective

· FFS: A similar or same mechanism applicability to UL

· Preemption or superposition
· Other schemes are not precluded 

· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Other mechanisms are not precluded

At the RAN1#86bis meeting, the following agreements related to URLLC and eMBB multiplexing were approved:
· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  

· Using the same sub-carrier spacing with the same CP overhead

· FFS: different CP overhead
· Using different sub-carrier spacing 

· FFS: CP overhead
· NR supports both approaches by specification
· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL
At the RAN1#87 meeting, the following agreements related to URLLC and eMBB multiplexing were approved:
· 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
At the RAN1 NR Ad-Hoc meeting, the following agreements on multiplexing of eMBB and URLLC in DL were approved: 
· 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
At the RAN1#88 meeting, the following agreements related to URLLC and eMBB multiplexing were approved:
· 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
· 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

At the RAN1#88bis meeting, the following agreements related to URLLC and eMBB multiplexing were approved:
· 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
Based on the above contents, the details on preemption indicator design are given in this contribution. 
2. Discussion
2.1. Preemption indication method
For the preemption indication method (also described as a puncturing indication method), some frequency resource within the eMBB frequency region can possibly be used for URLLC traffic, such as the blue region as shown in Fig. 1. When URLLC traffic actually arrives, the resource scheduled to be occupied by eMBB will be preempted and scheduled to transmit URLLC traffic instead.
Furthermore, the preemption indicator for multiplexing eMBB and URLLC needs to be carefully designed in consideration of the problems of soft buffer pollution and resource efficiency [1][2].

· Soft buffer pollution. Supporting URLLC, using a resource already assigned to eMBB, may result in soft buffer pollution in the case that the eMBB UE cannot identify the transmission of URLLC data for its already assigned resource (i.e., the UE has no extra notification or scheduling information).
To avoid such a pollution, it was agreed by RAN1 to transmit a preemption indicator signal to let the eMBB UE identify the presence of a transmission of URLLC data. In this way, the eMBB UE will not use the received signal in a resource indicated as used by URLLC data for its own data decoding. 
2.2. Indication design

In the following sections, we give our analysis on the details of preemption indicator design including the transmission timing.

NR-PDCCH or a group common PDCCH
It is possible the URLLC traffic may preempt the resource of multiple eMBB UEs. For multiple eMBB UEs decoding the preemption indicator, it is better to design the preemption indicator based on the group common PDCCH structure. It is also possible that the preemption indicator is intended for an eMBB user. Hence, it is also feasible that the preemption indicator is based on PDCCH structure in this scenario.
Proposal 1: The preemption indication can be based on the group common PDCCH or NR-PDCCH structure.
Timing for indication transmission
The indication can be transmitted at one of the following:
· during current eMBB TTI

· after current eMBB TTI

· during and after current eMBB TTI
In our opinion, the indication should be transmitted during the current eMBB TTI. This is because transmitting the indication in the DCI of the next scheduling period requires the victim eMBB UE to either wait for a DCI for decoding, which would cause a delay, or accept soft buffer pollution and sacrifice decoding performance during the current TTI.  By introducing the indication transmitted during the current eMBB TTI, even if one or several CBs are preempted by URLLC data, the victim eMBB UE could still decode its data without additional delay.
Proposal 2: The indication is transmitted during the current eMBB TTI.
Location for indication transmission
The indicator can be placed in the mini-slot of the pre-empting data transmission (current indication) as shown in Fig.1. The indication can be sent at multiple locations, e.g., every mini-slot, during the eMBB slot. A dedicated search space can be designed for DCI of preemption indicator. The DCI of preemption indicator can be placed at the start position of URLLC PDCCH. The method for reducing the complexity of blind decoding needs to be further studied.
Proposal 3: The DCI of preemption indicator can be placed at the start position of mini-slot which can be sent at every mini-slot, during the eMBB slot.
Granularity for impacted region used in the indication 

The granularity of impacted time/frequency resource used in the indication can be as coarse as which OFDM symbols or which slots/mini-slots are occupied by URLLC, or which code blocks /PRBs are occupied by URLLC.
Proposal 4: The granularity of impacted time/frequency resource used in the indication can be as coarse as symbols/slots/mini-slots/code blocks/PRBs level.
Signaling of monitoring preemption indicator 
The eMBB UE can be configured to monitor preemption indicator or not by signaling to reduce blind decoding of preemption indicator. The configuration can be conducted in a manner of broadcast/multi-cast to a group of users, or in a UE-specific manner with unicast to a particular user via PDCCH or higher layer signaling (e.g. RRC signaling).












Fig.1 Preemption indication transmitted to eMBB UE only
Proposal 5: The eMBB UE can be configured to monitor preemption indicator by dynamic signaling or RRC signaling.
3. Conclusion
In this contribution, we mainly discuss the preemption indicator for multiplexing eMBB and URLLC in a NR DL carrier. The following proposals are given:
Proposal 1: The preemption indication can be based on the group common PDCCH or NR-PDCCH structure.
Proposal 2: The indication is transmitted during the current eMBB TTI.
Proposal 3: The DCI of preemption indicator can be placed at the start position of mini-slot which can be sent at every mini-slot, during the eMBB slot.
Proposal 4: The granularity of impacted time/frequency resource used in the indication can be as coarse as symbols/slots/mini-slots/code blocks/PRBs level.
Proposal 5: The eMBB UE can be configured to monitor preemption indicator by dynamic signaling or RRC signaling.
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