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1 Introduction
RAN1 has discussed how to support multiplexing of eMBB (i.e., long transmission duration) and URLLC (i.e., short transmission duration) in DL. In RAN1 ad hoc NR#1 [1], the concept of indication of impacted eMBB resources for eMBB UE was agreed to support multiplexing of eMBB and URLLC for DL. But, granularity and timing of indication are FFS. The following are the related agreements.
	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


In RAN1#88 [2], it was agreed that the indication can be dynamically signaled to improve demodulation and decoding of eMBB data. 
	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


In RAN1#88bis [3], it was agreed that there is no new physical channel for the indication of preempted resources. 
	Agreements:  
· 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


This contribution discusses indication mechanisms for pre-empted DL resources and how/where/when the indication is transmitted to a UE. 
2 Discussions
This section considers aspects for the indication of time and/or frequency region of preempted resources. 
2.1  Timing of indication
The first issue is when the indication of time and/or frequency region of preempted resources is signalled to UEs. The timing of indication can be divided into the following two options based on past agreements. 
· Option 1. During a current TTI 
· Option 1-1. Before pre-emption
· Option 1-2. During pre-emption
· Option 1-3. After pre-emption (e.g. at end of current TTI)
· Option 2. After current TTI
· Option 2-1. Before HARQ-ACK
· Option 2-2. After HARQ-ACK
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Figure 1 Possible options of timing to indicate preempted resources
Figure 1 shows the possible options. The value of k can be any value (for example, k=1). Option 2-1 is considered when k is less than a minimum HARQ-ACK timing; otherwise, it is option 2-2. 
Option 1 can be divided according to the relative timing location of the pre-emption indication. 
For option 1-1, if indication of preempted resources is signalled before pre-emption, UEs can decode their data by using rate matching or puncturing for the pre-empted resources and using non-preempted DMRS, if any, for demodulation. However, the option may not be applicable because pre-emption is generally unpredictable. Otherwise, there is no motivation to indicate preempted resources as a gNB could generally avoid having to be preempted. That is, in option 1-1, there is no general need to have indication of preempted resources and it is not a main use case for indication of preempted resources. 
For option 1-2, pre-emption indication can be delivered to UEs during pre-emption. Therefore, option 1-2 can be applicable even though pre-emption is unpredictable. However, option 1-2 requires nearly continuous search and blind detection/decoding from UEs to know whether pre-emption happens or not. Accordingly, UEs need to keep monitoring control information for pre-emption indication separately from control information for data scheduling and need to monitor the control region with potentially very short periodicity. Option 1-2 may also complicate data decoding and affect throughput due to continuous monitoring for an indication of preempted resources before processing/decoding scheduled resources. The procedure needs to be ‘on-the-fly’. It is important for UEs to have the same performance for data reception regardless of whether the indication of preempted resources exists or not. For a self-contained structure where data transmission and HARQ-ACK are transmitted in a same slot, option 1-2 is difficult to implement. Therefore, the benefit for option 1-2 is negative compared to the cost. 
For option 1-3, if the indication of preempted resources is signalled at the end of the TTI, a UE has to monitor respective signalling region regardless of pre-emption occurrences. On the other hand, the UE can only search the region if the portion of data fails to correctly decode. This may increase the UE’s decoding burden as several times of monitoring, and it could be required to always reserve the indication of preempted resources. Further, the UE has to go back to the initial stage of the decoding procedure and implement re-decoding to prepare HARQ-ACK reporting when resources preempted. The procedure affects HARQ timeline and UE decoding complexity. If the resources for signalling the indication are not reserved, the indication of preempted resources itself may also occupy another ongoing resource that needs to be preempted. However, this is not possible due to the agreement in RAN1#88bis. To summarize, option 1-3 does not have any benefit for the indication of preempted resources. 
Option 2 does not require increased UE complexity for indication of preempted resources. Option 2 is also more robust than option 1 when pre-emption of a large part of resources occurs because a probability for correct data decoding will be small. For option 2, indication can be before HARQ-ACK feedback (option 2-1) or after HARQ-ACK feedback (option 2-2). With option 2-1, indication of impacted resources can be signalled before the UE transmits HARQ-ACK. That is, the value of k in Figure 1 is smaller than the configured timing between downlink data transmission and HARQ-ACK feedback. The design of this approach can complicate HARQ timeline and is not always possible (e.g. for self-contained slots or when a UE is configured non-contiguous PDCCH monitoring). Also, in [4] it is shown that option 2-1 has marginal/no gain compared to option 2-2. Therefore, an associated specification and implementation complexity for option 2-1 is not justified. 
With option 2-2, indication of impacted resources can be transmitted to a UE after the UE transmits HARQ-ACK. That is, the value of k as shown in Figure 1 is larger than configured timing between downlink data transmission and HARQ-ACK feedback. Option 2-2 can improve resource utilization because a gNB can support adaptive retransmission according to the HARQ-ACK feedback from the UE. For example, with CBG-based retransmissions, errors that do not occur due to resource pre-emption can also be addressed in a unified manner. As a result, the additional specification and implementation support required for option 2-2 can be marginal. 
Proposal 1: Indication of preempted resources of a DL data transmission occurs after the DL data transmission and after a UE transmits corresponding HARQ-ACK feedback.
2.2  Type of indication
For indication of preempted resources to UEs after corresponding DL data transmissions and after associated HARQ-ACK feedback, a remaining consideration is how/where the indication of pre-empted resources is transmitted to the UEs. Two options exist: UE-specific PDCCH or group common PDCCH. 
In case of UE-specific PDCCH, the indication can be signalled to a UE together with the scheduling of a retransmission through a UE-specific DCI. The indication can be whether or not the UE needs to flush out a part of soft buffer of a previous data transmission. That is, the indication can support adaptive HARQ combining based on a certain granularity (e.g. CBGs) of retransmitted data. Accordingly, the indication can be used to improve the probability of correct data decoding. 
In case of UE-group common PDCCH, the indication can be transmitted to a group of UEs without retransmitted data through a UE-common DCI. This approach can be useful as pre-empted resources can be wideband and affect DL data transmissions to multiple UEs. However, indication by UE-group common PDCCH can be useful only when there is no need for data retransmissions if a UE flushes out pre-empted resources and this is something that the gNB cannot know in advance. 
In summary, UE-specific PDCCH is preferable for supporting indication of preempted resources through a UE-specific DCI. 
Proposal 2: Indication of preempted resources is by UE-specific DCI format. 
3 Conclusions
In this contribution, design aspects for multiplexing of different transmission durations (e.g., long transmission duration for eMBB and short transmission duration for URLLC) were discussed about timing and physical channel for indication of preempted resources. Based on discussion, some proposals are summarized as below.
Proposal 1: Indication of preempted resources of a DL data transmission occurs after the DL data transmission and after a UE transmits corresponding HARQ-ACK feedback.
Proposal 2: Indication of preempted resources is by UE-specific DCI format.
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