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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 made [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


To support multiplexing of eMBB and URLLC, indication of eMBB resources was supported and then general purpose of the indication was made the following agreements in the recent meeting [2]. 

	Agreements:

· 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:
· 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


From the above agreements, this contribution discusses how to multiplex on eMBB and URLLC in downlink. 
2 Discussions
In this section, the above remaining issues to be resolved are discussed by considering some aspects for design of the indication of time and/or frequency region of impacted eMBB region. 
1.1  During current eMBB TTI vs. after current eMBB TTI
The first issue is about the time 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 similar to the 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 an eMBB UE before URLLC transmission, the eMBB UE can decode their eMBB data accroding to the information in the URLLC arrival indication. Above all, the 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 is not be applicable if URLLC transmission is unpredictable. So, this option cannot be considered for a general use case of URLLC arrival indication. 
In case of option 1-2, URLLC arrival indication could be delivered to an eMBB UE with URLLC transmission. So, the case can be applicable even though URLLC transmission happens unpredictably. However, it requires a little overhead of blind detection/decoding capability to the 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 URLLC indication information comes along with URLLC transmission, the eMBB UE should monitor control region for every URLLC TTI which will be very short in order 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 for indicating URLLC arrival or an independent URLLC arrival indication such as preamble which is different with DCI. So, the eMBB UE has to search URLLC TTI and then it might not be a big burden for the eMBB UE to search URLLC arrival indication. 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 length, there is still a 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 eMBB 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, the eMBB UE can only search the region if the portion of eMBB data is failed to decode. This may increase decoding burden to the 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 the eMBB UE. 
Besides, as for option 1, there is an advantage of URLLC arrival information during current eMBB TTI in terms of decoding probability and eMBB UE buffer management. In case of decoding probability, it might be possible for the eMBB UE to decode eMBB data successfully depending on the amount of URLLC impacted resources even though URLLC data punctures a portion of eMBB data except important eMBB signal such as DMRS. Accordingly, additional retransmission might not be required if the eMBB UE can decode eMBB data. It is noticed that option 1 may not have benefit if a large part of scheduled eMBB resources can be impacted by URLLC. In case of eMBB UE buffer management, the eMBB UE can effectively manage their buffer because the eMBB 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 the eMBB UE does not support URLLC service. Also, it would require much specification impact rather than option 2 as it may need to design of new channel to detect indication of impacted eMBB resources during eMBB TTI. 
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 the 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
Regarding option 2, there would be two kinds of schemes as following: indication before HARQ ACK/NACK feedback (option 2-1) and indication during HARQ ACK/NACK feedback (option 2-2). Those are related to eMBB UE perspectives. 
The first scheme is that indication of impacted eMBB resources due to URLLC can be delivered to the eMBB UE before reporting HARQ ACK/NACK feedback to gNB. That is, it is considered that the value of k as shown in Fig. 1 is smaller than configurable timing between downlink data transmission (e.g., PDSCH) and ACK/NACK feedback (e.g., PUCCH). In this case, it would provide higher throughput to the eMBB UE than option 2-2 because gNB can more quickly retransmit impacted eMBB resource without considering HARQ ACK/NACK. However, this approach should be well designed because it may be possible for the eMBB UE to miss DCI or other signal which includes indication before HARQ ACK/NACK feedback. Also, there may be no benefits compared to option 2-2 in the case that gNB only transmits impacted eMBB resources due to URLLC and other eMBB resources was not decoded due to the worst channel estimation. In other words, the eMBB UE cannot still decode their eMBB data by receiving only impacted eMBB resources due to URLLC with indication before HARQ ACK/NACK feedback if other eMBB resources except the impacted eMBB resources would be not decodable to the eMBB UE because of the worst channel estimation. It will be wasteful to use option 2-1 rather than option 2-2 in term of utilizing wireless resources as gNB has to transmit twice: before ACK/NACK feedback and after ACK/NACK feedback. Accordingly, it is better to support full retransmission in case of option 2-1 for eliminating the possibility of channel estimation error. 
The second scheme is that indication of impacted eMBB resources due to URLLC can be delivered to the eMBB UE after reporting HARQ ACK/NACK feedback to gNB. That is, it is considered that the value of k as shown in Fig. 1 is larger than configurable timing between downlink data transmission (e.g., PDSCH) and ACK/NACK feedback (e.g., PUCCH). In this case, it would provide higher resource utilization to the network than option 2-1 because gNB can perform adaptive retransmission according to HARQ ACK/NACK feedback from the eMBB UE. Also, option 2-2 does not require much specification effort rather than other schemes including option 2-1 such as a new design of HARQ ACK/NACK timing and introduction of new channel. 
As another aspect, regardless of either option 2-1 or option 2-2, it is better not to consider that URLLC indication itself is transmitted without any related data (e.g., for HARQ combining) in the same eMBB slot in the view of forward compatibility [4].
Proposal 1 Consider both indication timings according to eMBB UE capability and possible impacted eMBB resource regions. 
1.2  Explicit Indication vs. implicit Indication
The second issue is how URLLC arrival indication can be transmitted to an eMBB UE in an explicit way or an 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 transmitted in only some candidates in ongoing eMBB resource, implicit indication could be applicable by using the scheme such as blind detection/decoding with some features (e.g., constant-phase-shifted constellations). 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 [3]. 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.
1.3  Common indication vs. UE-specific indication
The third issue is URLLC arrival indication is transmitted to eMBB UEs using common signaling or UE-specific signaling. Common signaling can has much flexibility to indicate all the UEs, including UEs with scheduling PDSCH and without scheduling PDSCH. For UEs without scheduling PDSCH, they may use this indication to judge if CSI-RS is impacted or not. Furthermore, the common signaling can save the indication signaling if URLLC would impact many eMBB UEs at the same time or in an eMBB slot. If not, UE-specific indication could be considered as alternatives to prevent common indication resources from being waste. So, it needs to study how indication is design between common or UE-specific by comparing their pros and cons. 
Proposal 3 Consider common signalling indication or UE-specific indication
1.4  Granularity for impacted region used in the indication
The fourth 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 UEs can easily optimize their performance by using specific impacted eMBB time/frequency resources [3]. However, it might require larger signalling overhead to indicate to eMBB UEs. 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 4 Explicit PRB (group) can be precluded as the granularity for indicating impacted eMBB resources. 
1.5  Others
1.5.1 UE categories
eMBB and URLLC have been defined by having different characteristics according to their requirement such as throughput and latency. In NR, there are categorized regarding UE supporting either eMBB or URLLC.
· Case 1: UE supporting only eMBB 
· Case 2: UE supporting only URLLC
· Case 3: UE supporting both eMBB and URLLC
It has been considered that case 1 and 2 are very straightforward due to NR scenarios. V2X(or V2V) communication and long-distance surgery may be main usage scenarios of case 3. That is, there might be possible features to require both high throughput/reliability and low latency at the same time in NR. Therefore, RAN1 needs to consider case 3 when it comes to design multiplexing of eMBB and URLLC in downlink (FFS: and uplink). 
Observation 1 Study the possibility of UE supporting both eMBB and URLLC 

1.5.2 Relation of CBG based retransmission 
In RAN1#88, there was a working assumption to support CBG (Code block group) based retransmission. The aspect would be used to retransmit only impacted eMBB resources with some relevant indications. So, it might be possible for the gNB to configure either CBG based retransmission or TB based retransmission according to some purposes. Depending on which retransmission method is applied, the granularity for impacted region used in the indication may or may not be changed. Also, There may be possible granularities to have following options; CB or CBG or symbol or mini-slot or a combination of some of them (e.g., combination of CB (or CBG) and symbol (or mini-slot/slot)). The related options are given in our companion’s contribution [5]. Therefore, it needs to study indication methods of impacted eMBB resources due to URLLC by considering CBG based retransmission. Regarding indication timing, except option 2-1 as mention before, all options would support if having CB(G) unit. On the other hand, symbol/mini-slot/slot can support all options described in Section 2.1.

Observation 2 Study indication methods of impacted eMBB resources due to URLLC by considering CBG based retransmission. 
1.5.3 URLLC resource mapping
It was agreed that URLLC transmission may occur in resources scheduled for ongoing eMBB traffic in last RAN1 #87. The meaning of resources would be considered as resources for helping demodulating and decoding eMBB data as well as resource for eMBB data itself. RAN1 at least does not require specification impact as much as possible. So, URLLC resource mapping should be implemented from gNB according to an URLLC UE known information that has been known to the URLLC UE right before receiving URLLC arrival information (e.g., URLLC PDCCH). For example, URLLC known information may be important resource set allocated for PSS/SSS, PBCH, (group common or UE-specific) PDCCH and certain RSs. The URLLC UE can also easily assume that URLLC resources are mapped except the URLLC UE known information and the URLLC UE try to demodulate and decode according to mapped URLLC resources. This method does not provide any specification impact at all. If it does not require much overhead and specification impact, explicit or implicit method to indicate URLLC resource mapping would be supported. 
Observation 3 Study URLLC resource mapping rules by considering required overhead and performance enhancements. 
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.
Observation 1 Study the possibility of UE supporting both eMBB and URLLC.
Observation 2 Study indication methods of impacted eMBB resources due to URLLC by considering CBG based retransmission.
Observation 3 Study URLLC resource mapping rules by considering required overhead and performance enhancements.
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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