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1 Introduction

A new study item on New Radio (NR) Access Technology was approved [1]. For NR, three usage scenarios have been mainly considered; eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications) [2].

So far, RAN1 has discussed how to support multiplexing of eMBB and URLLC. In RAN1#87, the following agreement was made.

	· 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


It can be seen that puncturing of eMBB data for URLLC is supported. Throughout email discussion summarized in [3], various schemes are proposed for multiplexing. Among that, this contribution considers preemption-based multiplexing scheme for DL. Superposition-based multiplexing is provided in [4]. The recovery of eMBB broken due to URLLC can be done by partial retransmission provided in [5].
2 Discussions 
First of all, the meaning of pre-emption needs to be clarified. One approach is to rate match eMBB data for URLLC. However, since the gNB cannot predict when URLLC data is arrived and rate matching requires time for rearrangement of resources, rate matching may not be proper for pre-emption. The other approach is to puncture some resources of already scheduled eMBB. As shown in Figure 1, puncturing of eMBB is just to replace eMBB data in specific resources with URLLC data.
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Figure 1: Example of puncturing of eMBB data for URLLC transmission

In this contribution, puncturing-based multiplexing of eMBB and URLLC is discussed. 

When puncturing of eMBB happens for URLLC, the followings need to be considered in order to recover eMBB data transmission. 
· Types of indication of URLLC information
· Timing of the indication delivery 
The above two are discussed as follows.
Types of indication of URLLC information

Since the latency requirement for eMBB is not tight as much as for URLLC, HARQ retransmission with toggled NDI can be considered as the easiest and UE transparent way to recover punctured eMBB data. The BLER performance after HARQ combining is significantly degraded if the eMBB receiver does not know any information about puncturing. Therefore, some kinds of non-transparent methods such as signaling, advanced frame structure design, or URLLC transmission with some features for blind detection would be necessary. So, the required types of URLLC information have been discussed through email [3], which can be summarized as below.
· Option 1. Time-frequency information of the pre-empted resource

· Option 2. Only time-domain information (e.g., Symbol or symbol-group, mini-slots)

· Option 3. CB or CBG index

· Option 4. Others such as power ratio, RS information

· Option 5. No information indicated, i.e., implicit indication (e.g., blind detection of URLLC, CRC masking)
For option 1, the control overhead needs to be consider in indicating time-frequency information. The amount of bits to indicate the time-frequency information depends on the minimum unit of the information such as symbol and subband. The same issue occurs for options 2 and 3. Therefore, the unit of information to be indicated needs to be discussed with considering control overhead.
Observation 1. The unit of information to be indicated needs to be considered to reduce control overhead.
Timing of the indication delivery
Another issue is when the above indication of URLLC information is delivered to eMBB UEs. This timing of indication can be divided into the following two options.  
· Option 1. In current eMBB TTI (e.g., with URLLC transmission, at the end of the TTI)
· Option 2.  In some TTI after the scheduled eMBB TTI
For option 1, the eMBB UE needs to keep monitoring URLLC information separately from control information for the eMBB itself.  For example, if puncturing information comes along with URLLC transmission, an eMBB UE should monitor control region for every URLLC TTI. If puncturing information is located at the end of the TTI, the eMBB UE has to monitor the region regardless of the puncturing occurrence.(or UE can only search the region if the portion of eMBB data is failed to decode. This may increase decoding burden to eMBB UE’s as several times of monitoring. 

On contrary, the decoding burden to the eMBB UE to know puncturing information does not increase for option 2. It is because the URLLC information comes along with DCI for eMBB retransmission.  
Observation 2. For decoding burden to eMBB UE’s, Option 2 is better than Option 1. 
Observation 3. For Option 1, how to reduce decoding burden needs to be considered.
3 Conclusions
In this contribution, preemption-based multiplexing scheme for DL between eMBB and URLLC was discussed. It can be summarized as below.
Observation 1. The unit of information to be indicated needs to be considered to reduce control overhead.
Observation 2. For decoding burden to eMBB UE’s, Option 2 is better than Option 1.
Observation 3. For Option 1, how to reduce decoding burden needs to be considered.
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