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1. Introduction
In RAN1#89 meetings, following agreements were made [1]:
	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.


In this contribution, we provide our views on how to transmit pre-emption indication for downlink. Especially, we focus on transmission timing for pre-emption indication. 

2. Group-common Pre-emption indication 
Considering scheduling flexibility, it would not be always guaranteed that a certain URLLC DL transmission pre-empts DL physical resources of a certain UE. On the other hands, it would be more general that a single URLLC DL transmission pre-empts DL physical resources associated with multiple UEs. Moreover, URLLC DL transmission and eMBB DL transmission could be associated with different UE bandwidth, RBG size, and/or resource allocation scheme. In those points of views, when it is configured to transmit pre-emption indication is separately transmitted, it can be delivered via a cell-common or UE-group common DCI instead of UE-specific DCI to minimize the signaling overhead. 
Proposal 1: Cell-common or UE-group common DCI can be used for pre-emption indication.
3. Transmission timing of indication signaling
For indication signaling for impacted eMBB resources, when URLLC DL transmission pre-empts some portion of resources for eMBB DL transmission, following candidates can be considered in terms of transmission timing: 
· Option 1: Indication signaling per URLLC scheduling unit (e.g. mini-slot)
· Option 2: Indication signaling at the end of eMBB scheduling unit (e.g. end of a slot)
· Option 3: Indication signaling in the control region of eMBB scheduling unit (e.g. beginning of a slot), but the indication will be transmitted after pre-emption occurs.   
In case of Option 1 and Option 2, the pre-emption indication can be overlapped with on-going PDSCH at least in time-domain. To avoid collisions, it can be considered that FDM between the indication and PDSCH, or rate-matching/puncturing PDSCH. Regarding Option 3, it is expected that the pre-emption indication will not be overlapped with on-going PDSCH in time-and-frequency domain. Instead, it can be overlapped with PDCCH. Since pre-emption indication will be transmitted over PDCCH, blocking probability of PDCCH would be manageable. 

3.1. Aspects of signaling overhead and monitoring occasions 
Considering eMBB UE behavior, it is necessary to investigate how often UE needs to try to detect indication signaling together with signaling overhead. Option 1 would be beneficial in terms of signaling overhead especially when arrival rate of URLLC traffic is sufficiently low. However, in this approach, eMBB UE needs to try to detect indication signaling in every mini-slot even though URLLC operation is not configured for that UE. It can cause excessive battery consumption at UE side. 
Observation 1: Indication signaling per scheduling unit of DL transmission with pre-emption (e.g. URLLC) would be too burden for UE to perform BD attempts multiple times within a scheduling unit of potentially pre-empted DL transmission (e.g. eMBB). 
3.2. Multiplexing between indication signal and eMBB DL transmission
Depending on transmission timing, indication signal(s) will be transmitted on control region or data region of eMBB DL transmission. When resources for indication signal are overlapped with on-going PDSCH transmission, it will cause eMBB performance degradation further. Alternatively, if indication signal is transmitted on control region, it will not affect assigned DL resources for PDSCH transmission. Furthermore, since the indication signal is a form of NR-PDCCH, it would not increase BD attempts of UE whose DL transmission can be impacted by another DL transmission while UE needs to perform additional BD to detect indication signal when indication signal is transmitted on data region. 
Observation 2: If the indication is transmitted on data region of potentially pre-empted DL transmission (e.g. eMBB), it can cause further performance degradation and additional BD attempts for a UE whose assigned downlink resources have partially been preempted by another downlink transmission. 
In those points of views, it is preferred that Option 3 is considered as transmission timing for indication of impacted resources. 
Proposal 2: Indication signal for impacted resources can be mapped on control region without additional control resource set configuration only for indication message. 
· Note that indication signal will be transmitted no earlier than assigned DL resources of DL transmission (e.g. eMBB) is actually partially overlapped with another DL transmission (e.g. URLLC). 

4. MU-MIMO operation for different service requirements and/or data duration
When the scheduling units of eMBB and URLLC are different, parts of time-and-frequency resources of eMBB DL transmission could be pre-empted by URLLC DL transmission. In general, it can be considered that transmission mode and/or the number of transmission layers would be different between eMBB and URLLC. For instance, since URLLC traffic amount could be relatively smaller than that of eMBB traffic, the number of transmission layer of URLLC DL transmission could be smaller compared to eMBB DL transmission. In case, it is necessary to investigate whether or not all the transmission layer of eMBB DL transmission would be impacted when URLLC DL transmission pre-empt a certain set of time-and-frequency resources of eMBB DL transmission. If certain set of transmission layer of eMBB DL transmission is affected by URLLC DL transmission, it can be considered that the information of impacted layers can be included in indication of impacted resources.
Proposal 3: It is necessary to investigate whether all the layers or portion of layers will be impacted when assigned DL resources are pre-empted by another DL transmission. 

5. Conclusion
In this contribution, we discuss pre-emption indication design for downlink. Our proposals are as follows:
Observation 1: Indication signaling per scheduling unit of DL transmission with pre-emption (e.g. URLLC) would be too burden for UE to perform BD attempts multiple times within a scheduling unit of potentially pre-empted DL transmission (e.g. eMBB). 
Observation 2: If the indication is transmitted on data region of potentially pre-empted DL transmission (e.g. eMBB), it can cause further performance degradation and additional BD attempts for a UE whose assigned downlink resources have partially been preempted by another downlink transmission. 
Proposal 1: Cell-common or UE-group common DCI can be used for puncturing indication.
Proposal 2: Indication signal for impacted resources can be mapped on control region without additional control resource set configuration only for indication message. 
· Note that indication signal will be transmitted no earlier than assigned DL resources of DL transmission (e.g. eMBB) is actually partially overlapped with another DL transmission (e.g. URLLC). 
Proposal 3: It is necessary to investigate whether all the layers or portion of layers will be impacted when assigned DL resources are pre-empted by another DL transmission. 
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