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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#89, it was agreed that preemption indication is not included in DCI for retransmission with the following agreement. 
	Agreements:
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.


This contribution discusses indication mechanisms for pre-empted DL resources and how/where/when the indication is transmitted to a UE. 
2 Discussions 
2.1  Granularity of preemption indication
The first issue is to decide the granularity for preempted region used for pre-emption indication among the following options: PRB (group) / symbol (group) / Slot

For all above options, the amount of overhead should be considered. The number of bits to indicate time/frequency resources depends on the minimum unit of the information such as symbol, sub-band, etc. In principle, the larger the number of bits for indicating pre-empted resources, the larger the control overhead, but the better the granularity, and the larger the spectral efficiency gains from identifying more accurately the pre-empted resources. From the understanding that the requirement of URLLC is more related to time unit than frequency unit, time unit is more needed to indicate pre-empted resources. Indication of frequency resources requires much more signalling overhead (there can be many more RB groups than symbol) unless the granularity is too coarse and typically transmission requiring high reliability and low latency are expected to be wideband in nature. Therefore, potential gains from indicating frequency resources cannot justify the additional signalling overhead that most of the time will be unnecessarily transmitted (e.g. no pre-emption or wideband pre-emption)/
Proposal 1: Indication of pre-empted resources is by indication of slots and number of consecutive symbols per slot. Explicit PRB (group) can be precluded for indicating pre-empted resources. 
2.2  Type of indication
For indication of preempted resources to UEs after corresponding DL data transmissions, a remaining consideration is what DCI type(s) for the pre-emption indication is used. Two options exist: UE-specific DCI or UE-group common DCI. 

It was agreed that the preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission. Further, UE-group common DCI is advantageous because preempted resources can be wideband and affect DL transmissions to multiple UEs, even non-scheduled ones (e.g. for CSI-RS receptions). 
Proposal 2: Indication of preempted resources is by a UE-group common DCI format. 
2.3  Timing of indication
The last 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
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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 as UE will get preemption indication after finishing receiving DL data. 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. Additionally, it should be considered that UE does not change HARQ timeline regardless of whether or not a UE gets preemption indication. This is also valid for all option 1 cases. That is, it is noticed that preemption indication should not affect normal HARQ timeline which was already configured by NR-PDCCH. 
Proposal 3: Preemption indication should not affect normal HARQ timeline that was configured by PDCCH.
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: Indication of pre-empted resources is by indication of slots and number of consecutive symbols per slot. Explicit PRB (group) can be precluded for indicating pre-empted resources. 
Proposal 2: Indication of preempted resources is by a UE-group common DCI format. 
Proposal 3: Preemption indication should not affect normal HARQ timeline that was configured by PDCCH.
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