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1. Introduction
At the RAN1#87 meeting, for multiplexing eMBB and URLLC in DL it was agreed that [1]:
Agreements:
· 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
Furthermore, for preemption/superposition-based multiplexing approach, following options were discussed:
· Option 1: Indication of preempted or impacted eMBB resources to respective eMBB UE(s)
· Option 2: Non-indication approaches
During the offline discussion [2], several opinions were given on “which types of information should be indicated” and “when would it be indicated” regarding the indication-based approach, while possibilities regarding the gNB-associated and UE-associated operation were presented for both options. 
In this contribution, we focus on the case where eMBB and URLLC traffic is multiplexed in DL onto NR carriers and URLLC transmissions may dynamically puncture ongoing eMBB transmissions via preemption mechanism. We discuss scheduling aspects of URLLC traffic, how to handle eMBB data corrupted by URLLC, as well as our views on indication of the preempted/impacted resources to eMBB UE and on how to efficiently arrange possible supplementary transmissions.
The discussion on resource sharing between URLLC and eMBB in UL is given in our companion contribution [3].
2. Multiplexing URLLC and eMBB in DL via preemption
URLLC data will need to have the highest scheduling priority (packet round trip within 1 ms) and extremely high reliability (packet loss as low as 10-5). If available resources are sufficient, dynamic or semi-static scheduling-based multiplexing approaches will be adequate and it is up to gNB implementation to employ them efficiently. However, when URLLC traffic is sporadic, it will be inefficient to reserve a fixed number of resources per e.g. subframe. In addition, when URLLC traffic is random, a scheduling decision may be possible only on the very last moment. If the URLLC packet is known to the gNB before the scheduling point and URLLC DL can be handled in the same way as eMBB DL, latency might be a problem since, if a URLLC packet is received in the middle of a subframe/slot, it has to wait until the next scheduling point.
To allow dynamic sharing of resources between URLLC and eMBB in DL under sporadic traffic circumstances, one way is to preempt an on-going eMBB transmission by URLLC data transmission. The advantages of the puncturing, compared to the superposition method, are that it is less complex for decoding and also that URLLC BLER performance is not affected by eMBB transmission and it becomes easier to achieve the high reliability target.
Scheduling of URLLC traffic
Fully dynamic resource allocation is beneficial in frequency domain when some benefit can originate from flexible use of sub-bands. However, such benefits on resource allocation require accurate channel state information which might not be available for URLLC UEs without frequent channel state reports. In addition, such benefit could be insignificant when the URLLC transmission occupies a wide bandwidth as discussed in our companion contribution [4]. Additionally, flexible resource allocation in frequency domain will introduce more signalling overhead. It is proposed to allocate the resources in frequency domain in a static manner via RRC signalling and the same RB scheduling is assumed until it is reconfigured by another RRC procedure. 
In time domain, repeated scheduling opportunities can be pre-configured to URLLC UEs which will monitor the DL only in these configured chances. The scheduling in each configured chance can be dynamically indicated via a DCI-like signalling. From the latency point of view, it is expected to configure the resources as frequent as possible, i.e. multiple opportunities per subframe; but this also means the URLLC UEs have to wake up more frequently and battery consumption might be an issue. For eMBB UEs, more complexity and more performance degradation is expected when resources are multiplexed by URLLC UEs more frequently (which will be detailed in next section). It is proposed to configure repeated resources in time domain to the URLLC UEs via RRC signalling and dynamic scheduling is supported via a DCI-like signalling in each scheduling chance for URLLC UEs. The amount of scheduled resources needs to be determined according to the latency requirement of the specific URLLC service type. 
The aforementioned dynamic resource reservation, i.e. allocating semi-static manner resources which potentially can be used for URLLC, can adjust URLLC scheduling to its actual traffic and at the same time limit the signalling needs for URLLC resource allocation. In any case, enjoying the other benefits of dynamic resource allocation (e.g. adjusting payload size to physical resources, allocating resources based on the available resources at any given time) will be possible most of the time even with dynamic resource reservation due to the sporadic URLLC nature.   
Considering also that it is possible for current eMBB slot/SF to include GP or UL symbols after the last DL symbol as well as for very next eMBB slot/SF to include DL control symbols at start, it might beneficial in terms of minimising and achieving latency constraints for URLLC to specifically allow the reservation of resources within the end (or even start) DL symbols of an eMBB slot/SF (see Figure 1). 
Proposal 1: It is proposed to allocate the resources in frequency domain in a static manner via RRC signalling and the same RB scheduling is assumed until it is reconfigured by another RRC procedure.
Proposal 2: It is proposed to configure repeated scheduling opportunities in time domain to the URLLC UEs via RRC signalling and dynamic scheduling in each opportunity is supported via a DCI-like signalling. Further study the optimal locations for overlapping URLLC regions.
Handling impact to eMBB traffic
When URLLC transmission occupies a subset of resources allocated originally for eMBB transmission, the latter is degraded. In general, as discussed at the RAN1#87 meeting, two main approaches exist to deal with such degradation at eMBB UE: 
a) Non-indication approaches, i.e. make eMBB transmission more robust against possible corruptions from URLLC traffic (via e.g. CB interleaving, outer coding, suspended eMBB transmission, rate matching on impacted resources), 
b) Indication approaches, i.e. make gNB and eMBB UE more capable of dealing with URLLC corruptions while or after these occur (via e.g. puncturing indication, supplementary transmission, blind detection of puncturing). 
The first approach might seem attractive due to no need of gNB or eMBB UE becoming aware of a corruption due to URLLC, and in terms of low BLER degradation at least for some scenarios [5]. However, CB interleaving or outer coding methods do not allow for fast processing and ACK/NACK feedback of eMBB transmission, and introduce unnecessary complexity to eMBB transmissions that are not corrupted by URLLC traffic. Also, if these methods are implemented in general for transmission of eMBB data, they shouldn’t be viewed as performance enhancing techniques due to URLLC preemption. Furthermore, suspended eMBB transmission and rate matching on impacted resources are pure scheduler implementation issues for the case where URLLC traffic is known to the scheduler prior to the start of the eMBB transmission. In addition, suspending eMBB transmissions, if viewed as non-scheduling-based approach, based e.g. on more frequent DCI,  will increase eMBB UE complexity for almost constant monitoring of URLLC traffic, as well as control overhead, and it might bring unacceptable delays for some eMBB traffic, especially when heavy URLLC traffic occurs for a time period.
On the other hand, indication approaches may ensure that effort to handle impact to eMBB traffic is only put when required. Especially methods comprising efficient puncturing indication and/or supplementary transmission of corrupted eMBB data could reduce significantly the impact on eMBB performance with no major drawbacks. To this end, indicating explicitly the impacted resources to eMBB UE should be encapsulated into DL control signalling with minimal overhead if dynamic resource reservation is used. Moreover, methods based on transmission/retransmission of punctured/impacted eMBB data can be of low burden to eMBB performance if just the corrupted resources are sent to eMBB UE; to not stress UE buffering capabilities supplementary transmission also has to follow soon after the initial transmission. Finally, blind detection of impacted resources from eMBB UE has the advantage of being an implicit method but may bring unacceptable complexity to eMBB UE (i.e. higher processing and power consumption needs) unless some gNB pre-configuring on indication time/location is imposed to limit the search space. 
Proposal 3: To handle impact to eMBB traffic, it is proposed to support 1) explicit indication to eMBB UEs on the resources preempted by URLLC transmissions and 2) efficient supplementary transmission of data from initial preempted eMBB transmission.  
3. On indication of preempted/impacted eMBB resources
The performance degradation of punctured eMBB transmission can be significantly contained just by obtaining indication at eMBB UE on which part of its transmission is punctured [6]. On offline discussions [2] several options were presented regarding types of information to be indicated, when to indicate as well as gNB- and UE- associated operations. In the following we provide our views.
Types of information to be indicated
To recover decoding performance in case of preemption, indication information can be explicit (provided by gNB e.g. via DCI) or implicit (realised by UE e.g. via monitoring URLLC DCI) or a combination of the two (e.g. coarse information plus blind detection from UE). Such indication information can include: 
· Indication about existence (or not) of URLLC puncturing;
· Information (coarse or detailed) about time-frequency resource where eMBB data is impacted. In case dynamic reservation of resources is used, indexes of allowed resource regions can be indicated for reduced signalling needs;
· Information to help eMBB UE distinguish eMBB from URLLC transmissions when an implicit method is used e.g. RS information in case of blind detection.
In case a supplementary transmission is used to aid the eMBB performance due to puncturing, additional indication information may be needed to implement and also simplify such scheduling mechanism. For example, information can include:
· Whether to (re)transmit the corrupted data;
· Which corrupted resource (e.g. mini-slots, mini-slot group, CB, CB-group, or TB) is (re)transmitted
· How to retransmit, e.g. 
· (Re)transmission format (e.g. RV);
· If to wait for HARQ-ACK, or if (re)transmission is on following slot/SF.
· Indication of flushing out the corresponding initial transmission.
When eMBB UE acquires indication and where gNB indicates
Puncturing-related information can be indicated only after it is known to gNB if, which and how eMBB resources will be (or are already) impacted, i.e.: 
a. at each puncture event (e.g. by monitoring the DCI of URLLC UE);
b. at the end of the same scheduling interval (e.g. by introducing some control info at slot end); 
c. at a next scheduling interval of the same eMBB UE (e.g. when (re)transmission happens);
d. or even at start of next scheduling interval which may be scheduled to another eMBB UE.
Monitoring constantly for possible puncturing events will help on fast decoding but might be too heavy a duty for the eMBB UE and also introduce unnecessary DL control overhead. Alternatively, signalling such information backwards at the end of the slot/subframe, when it is known to gNB if and where all punctures due URLLC transmissions have occurred, is efficient in terms of monitoring effort and control overhead; in addition, it keeps the self-contained nature of eMBB slot. 
Indication in next scheduling interval is also efficient, especially regarding indications for (re)transmissions when decoding on current slot has been unsuccessful, as it has the advantage that additional control space is not needed at the end of an eMBB slot/subframe. However, it has to be ensured that such indication at subsequent scheduling interval arrives soon enough in order to keep low the UE buffering capability needs. 
Proposal 4: It is proposed to support a backward signalling and it is preferred to have the signalling at the end of the eMBB slot/subframe. 
Supplementary transmission of impacted/punctured eMBB resources
Methods for supplementary transmission
The performance degradation of preempted eMBB transmissions can be contained even more if an additional transmission follows a punctured transmission [7]. If a whole punctured eMBB block is retransmitted, the punctured positions still need to be indicated. Instead of retransmitting the whole block, it will be much more efficient to either retransmit the impacted codeblock(s) or transmit the punctured resources. 
For such transmissions, gNB can a) wait a HARQ-NACK response from eMBB UE or b) (re)transmit without awaiting HARQ response. The former approach ensures that (re)transmission occurs only when necessary and burdens less the eMBB throughput performance. However, it may introduce delay to the successful decoding of a punctured TB (or CB-group) which cannot be reconstructed correctly just by using the puncturing indication. In addition, it may require high ability from eMBB UE in buffering all such punctured TBs (depending on the HARQ round-trip timing). The latter approach combats the delay and buffering disadvantages but it will be more wasteful in terms of eMBB data resources, especially under heavy URLLC traffic, since gNB will be (re)transmitting without knowing for sure that TBs have been successfully decoded at eMBB UE.
Proposal 5: It is proposed for the gNB to decide and indicate to eMBB UE(s) if a retransmission related to the preempted eMBB transmission is following or not, and if it is needed to wait for HARQ-ACK or retransmission is on next slot/SF.
Scheduling of impacted/punctured data
When impacted/punctured data need to be retransmitted/transmitted for an eMBB UE on a next scheduling interval, gNB will have to decide which resources to schedule and how to indicate this to the UE. It is important that such scheduling procedure is kept as efficient as possible in terms of overhead and scheduling complexity introduced. 
Keeping full flexibility on resource allocation of corrupted data (re)transmissions will incur significant signalling overhead as well as control channel decoding complexity at eMBB UE, especially when amount of such (re)transmissions is large, e.g. in case of no ACK/NACK feedback. However, since the (re)transmissions frequency/time resource will correspond to the small bandwidth URLLC regions (compared to the larger eMBB transmissions bandwidth) no significant benefit should be expected from dynamic resource allocation in frequency domain. In that case, it can be beneficial to have pre-configured regions within eMBB subframes to potentially allocate such (re)transmissions. The eMBB UE would need to know if such a pre-configured potential allocation region is used for impacted/punctured data retransmissions/transmissions (and contains information from a previous TB) or not (and contains new data). If dynamic resource reservation is enabled also for URLLC resources, one-to-one mapping of URLLC regions to (re)transmission regions would provide an implicit efficient way of scheduling the supplementary transmissions due to puncturing. 
An alternative scheduling method for simplifying such scheduling could be to pre-allocate e.g. a slot within a frame which can be used for (re)transmissions in case of preemption by URLLC for all scheduled eMBB users. However, the imposed delay from such solution might be unacceptable and eMBB UE shouldn’t be forced to buffer its impacted data for a very long time. To combat latency and buffering requirements a strategy of (re)transmitting at the very next SF/slot could be considered. In case higher granularity is allowed in scheduling, the (re)transmission could be scheduled within the next slot/SF. However, if fine scheduling granularity is not possible a case of (re)transmission taking place within another eMBB UE’s scheduling unit could also be imagined. In that case, an e.g. skip indicator could let the other UE know about the (re)transmission occurrence. 
Proposal 6: It is proposed to support pre-configured resources to be used for retransmission/transmission of impacted/punctured data and a pre-configured mapping between these resources and the resources used for preemption by URLLC transmissions. 
The following figure illustrates a possible eMBB subframe in paired spectrum (based on frame structure assumptions in [3]) and includes the methods and proposals described in this document.
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[bookmark: _Ref465327248]Figure 1 – Indications and supplementary transmissions for punctured eMBB resources.
4. Conclusions 
In this contribution, we provided some thoughts in supporting dynamic resource sharing between eMBB and URLLC in DL.
Proposal 1: It is proposed to allocate the resources in frequency domain in a static manner via RRC signalling and the same RB scheduling is assumed until it is reconfigured by another RRC procedure.
Proposal 2: It is proposed to configure repeated scheduling opportunities in time domain to the URLLC UEs via RRC signalling and dynamic scheduling in each opportunity is supported via a DCI-like signalling. Further study the optimal locations for overlapping URLLC regions.
Proposal 3: To handle impact to eMBB traffic, it is proposed to support 1) explicit indication to eMBB UEs on the resources preempted by URLLC transmissions and 2) efficient supplementary transmission of data from initial preempted eMBB transmission.  
Proposal 4: It is proposed to support a backward signalling and it is preferred to have the signalling at the end of the eMBB slot/subframe. 
[bookmark: _GoBack]Proposal 5: It is proposed for the gNB to decide and indicate to eMBB UE(s) if a retransmission related to the preempted eMBB transmission is following or not, and if it is needed to wait for HARQ-ACK or retransmission is on next slot/SF.
Proposal 6: It is proposed to support pre-configured resources to be used for retransmission/transmission of impacted/punctured data and a pre-configured mapping between these resources and the resources used for preemption by URLLC transmissions. 
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