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1 Introduction
RAN1 has discussed how to support multiplexing of eMBB and URLLC in downlink. In RAN1 ad hoc NR#1, there was discussion on multiplexing of eMBB and URLLC and following agreements were achieved [1]:
Agreements:
· 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
This contribution discusses how to multiplex on eMBB and URLLC in downlink considering above agreements. 
2 Discussions
In this section, above 3 issues are discussed by considering some aspects for design of the indication of time and/or frequency region of impacted eMBB region. 
2.1  Indication during current eMBB TTI vs. Indication after current eMBB TTI
The first issue is when the above indication of time and/or frequency region of impacted eMBB region due to URLLC information is delivered to eMBB UEs. Here, the indication is called as URLLC arrival indication. The timing of indication can be divided into the following two options as above agreements. 
· Option 1. During current eMBB TTI 
· Option 1-1. Before URLLC transmission  
· Option 1-2. With URLLC transmission
· Option 1-3. After URLLC transmission (e.g. at the end of current eMBB TTI)
· Option 2. After current eMBB TTI
Above all options are described as shown in Fig. 1. It is noticed that the value of k can be one of any values (For example, k=1).
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Figure 1 Possible options of timing to indicate impacted eMBB resource
For option 1, it can be divided into more specific situations according to the relative timing location of URLLC arrival indication based on URLLC transmission. 
In case of option 1-1, if URLLC arrival indication would be delivered to eMBB UE before URLLC transmission, eMBB UE can decode their eMBB data by using rate matching or puncturing. Above all, eMBB UE would try to decode their eMBB data by using un-impacted RS if URLLC transmission could be allowed to puncture eMBB RS. However, the option might not be applicable if URLLC transmission would be unpredictable. So, the option cannot be considered as a proper use case for URLLC arrival indication. 
As for option 1-2, URLLC arrival indication could be delivered to eMBB UE with URLLC transmission. So, the case might be applicable even though unpredictable URLLC transmission happens. However, it requires larger searching and blind detection/decoding to eMBB UE to know whether URLLC arrival happens or not. Accordingly, the eMBB UE needs to keep monitoring URLLC information separately from control information for the eMBB data itself. In other words, if puncturing information comes along with URLLC transmission, the eMBB UE should monitor control region for every URLLC TTI which is possible to satisfy URLLC requirement. This case can be useful for an UE supporting both eMBB and URLLC. Regarding this case, URLLC arrival indication can be regarded as a DCI format for indicating URLLC arrival or an independent URLLC arrival indication such as preamble which is different with DCI. So, the UE have to search URLLC TTI and then it might not be a big burden to the UE searching URLLC arrival indication. However, dynamic orthogonal scheduling operation (which was also agreed in last RAN1 NR#1 meeting) might be one of possible options when URLLC TTI is the same with eMBB TTI. Even though eMBB and URLLC TTI have the same value, there is still need for URLLC arrival indication if two following things are considered: the first thing is that DCI format is different between eMBB and URLLC and the second thing is that eMBB and URLLC do not have the same control monitoring period, that is, eMBB supports multi-TTI scheduling to reduce blind detection/decoding and UE power consumption. 
In case of option 1-3, if URLLC arrival information is located at the end of the TTI, the eMBB UE has to monitor the region regardless of the puncturing occurrence. On the other hand, 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, and it could be required to always reserve URLLC arrival information. If not reserved, the URLLC arrival information itself also punctures another ongoing eMBB resource to inform eMBB UE. 
Besides, as for option 1, there is an advantage of URLLC arrival information during current eMBB TTI in terms of higher decoding probability and eMBB UE buffer management. In case of higher decoding probability, it might be possible for eMBB UE to decode eMBB data successfully even though URLLC data punctures a portion of eMBB data except important eMBB signal. Accordingly, additional retransmission might not be required if eMBB UE can decode eMBB data. In case of eMBB UE buffer management, the UE can effectively manage their buffer because the UE does not need to store impacted eMBB resources especially when URLLC can be allowed to puncture eMBB important resources such as DMRS and CSI-RS. However, as mentioned before, the decoding burden would be highly required to support URLLC arrival information monitoring especially when eMBB UE does not support URLLC service. 
On the contrary, it does not increase the decoding burden to the eMBB UE to know URLLC arrival information for option 2. It is because the URLLC information comes along with DCI for eMBB retransmission. Above all, option 2 would be better than option 1 in case that URLLC can puncture a large part of eMBB resources because decoding probability of eMBB data (which is transmitted in N-th eMBB TTI as shown in Fig. 2) would be very smaller even though eMBB UE utilizes indication scheme of option 1. As other aspects, if k = 1 in case of option 2, the performance of eMBB might be nearly the same with option 1-3 as shown in Fig. 2. In other words, there is little delay between them and option 1-3 may be forced to puncture other eMBB resources or have reserved resources while option 2 does not require those.
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Figure 2 URLLC arrival indication when k = 1
Proposal 1 Consider both indication timings according to UE capability and possible impacted eMBB resource regions. 
2.2  Explicit Indication vs. implicit Indication
The second issue is how URLLC arrival indication can be transmitted to eMBB UE in explicit way or implicit way. As for explicit URLLC arrival indication, it has much flexibility to indicate impacted eMBB resource due to URLLC than implicit indication. However, explicit URLLC arrival indication could not be escaped from signaling overhead. If not, that is, URLLC information should be punctured in only some candidates in ongoing eMBB resource, implicit indication could be applicable by using the scheme such as CRC masking or blind detection/decoding with some features. However, only supporting implicit indication might not be better solution to provide URLLC service due to limited flexibility. 
Under the consideration of URLLC arrival indication timing, it would be better approach to consider both explicit and implicit indication when URLLC arrival indication happens during current eMBB TTI [2]. This is because this method can reduce the size of explicit indication contents. On the other hand, explicit indication is better when URLLC arrival indication happens after current eMBB TTI because there is no reason to use implicit indication. 
Proposal 2 Consider explicit indication or/and implicit indication according to URLLC arrival indication timings.
2.3  Granularity for impacted region used in the indication
The third issue is to decide details of the granularity for impacted region used in the indication among following options: PRB (group)/symbol (group)/mini-slot (group)/CB (group)/TB/Slot
As for above all options, the amount of overhead should be considered if one (or some) of granularities would be decided. The number of bits to indicate time/frequency resources depends on the minimum unit of the information such as symbol, sub-band and code block. Under the assumption that the number of bits in URLLC arrival indication would be increased, eMBB UE can easily optimize their performance by using specific impacted eMBB time/frequency resources [2]. However, it might require larger signalling overhead to indicate to eMBB UE. From the understanding that the requirement of URLLC is more related to time unit than frequency unit, time unit indication is more strictly required. Accordingly, it requires too much signalling overhead when it considers indicating PRB level because frequency unit indication could not be used alone to indicate impacted eMBB resources. Afterwards, the unit of information to be indicated needs to be discussed through extensive simulation with consideration of signalling overhead.
Proposal 3 Explicit PRB (group) can be precluded as the granularity for indicating impacted eMBB resources. 
3 Conclusions
In this contribution, design aspects for multiplexing of eMBB and URLLC were discussed. Based on discussion, some proposal can be summarized as below.
Proposal 1 Consider both indication timings according to UE capability and possible impacted eMBB resource regions.
Proposal 2 Consider explicit indication or/and implicit indication according to URLLC arrival indication timings.
Proposal 3 Explicit PRB (group) can be precluded as the granularity for indicating impacted eMBB resources.
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