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1. Introduction
In RAN1 NR-AH#2 meetings, following agreements were made [1]:
	Agreements:
· For downlink preemption indication
· It is transmitted using a group common DCI in PDCCH
· FFS: This group common DCI is transmitted separately from SFI
· Whether a UE needs to monitor preemption indication is configured by RRC signaling
· The granularity of preemption indication in time domain can be configured 
· Details of granularity are FFS


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

2. 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. 

2.1. 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). 
UE blind decoding overhead between Option 2 and 3 can be similar, or Option 2 can have higher overhead depending on search space design on preemption indication. For example, if preemption indication is carried over common search space with keeping the same DCI size to one of DCI used for common search space, Option 3 would lead not increase blind decoding due to preemption indication. If dedicated search space is used for preemption indication with potentially different DCI size from other DCI formats, both Option 2 and 3 would increase UE blind decoding. 
2.2. 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 unless resources for preemption indication are reserved. If the resources are reserved, it can reduce the overall spectral efficiency. If puncturing occurs when preemption indication is transmitted, it can cause more unsuccessful CBs, and thus, it may lead the larger number of retransmitted CBs due to pre-emption by another DL transmission and pre-emption indication. 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 with keeping the same DCI size to other DCI format(s) 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. 
Another issue to realize Option 2 is to handle the cases where the end of downlink resource may change dynamically if dynamic TDD operation is used, and also it may be different among UEs assuming UE-specific GP. Furthermore, there can be CSI-RS and other RS transmission in data region where preemption indication needs to also consider rate matching on such RSs. This requires indication of RS patterns in a group-common manner as most RSs would be UE-specifically configured/indicated. Overall, overhead of Option 2 seems significant compared to potential benefit of latency. 
In those points of views, it is preferred that Option 3 is considered as transmission timing for pre-emption indication signaling. 
Proposal 1: Pre-emption indication signal for impacted resources can be mapped on control region without additional control resource set configuration only for indication message. 
· Note that pre-emption 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). 
3. Contents of indication signaling
3.1. Pre-emption indication in time-domain
When the pre-emption indication signal is transmitted in the control region, its transmission timing in terms of slot does not need to be fixed to the next slot of impacted resources. In other words, in our view, the timing difference between slot including impacted resources and slot including its pre-emption indication could be dynamically changed for scheduling flexibility. In case, it can be considered that pre-emption indication includes information of target slot which corresponds to the indicated impacted resources. For instance, pre-emption indication signal could indicate impacted resources in K slots before, and the value of K could be dynamically indicated. 
Proposal 2: When pre-emption indication is transmitted in slot #N, it can indicate impacted resources in slot #N-K, where K is indicated by pre-emption indication. FFS on range of K. 
The granularity of pre-emption indication in time-domain could be simply set in terms of scheduling unit of URLLC. To be specific, depending on the control overhead, the granularity of pre-emption indication in time domain can be configured to be a single mini-slot or multiples of mini-slots. When a single pre-emption indication is used for a given slot, the pre-emption indication signal may need to indicate impacted resources across multiple time units within a slot. First of all, bitmap can be considered to indicate impacted resources in time domain. In case, however, control overhead of pre-emption indication could be unnecessarily large especially when the arrival rate of URLLC is extremely small. Alternatively, pre-emption indication in time-domain could be form of pattern indication rather than bitmap form. For instance, when the number of mini-slots within a slot is 7, then the pre-emption indication in time-domain can be given by following Table 1. In this example, if URLLC DL transmission occurs in more than one mini-slot, pre-emption indication index will be set to 7. 
Table 1: Example of time-domain pre-emption indication patterns.
	Pre-emption indication index
	Pre-emption pattern

	0
	[1 0 0 0 0 0 0]

	1
	[0 1 0 0 0 0 0]

	2
	[0 0 1 0 0 0 0]

	3
	[0 0 0 1 0 0 0]

	4
	[0 0 0 0 1 0 0]

	5
	[0 0 0 0 0 1 0]

	6
	[0 0 0 0 0 0 1]

	7
	[1 1 1 1 1 1 1]


Alternatively, slot format related information (SFI) as in group-common PDCCH can be reused to indicate pre-emption pattern in time-domain. For instance, pre-empted parts can be expressed in terms of “unknown” instead of “DL”. 
Proposal 3: Time-domain pre-emption indication can be form of pattern indication of impacted resources in time-domain. FFS on details of patterns for impacted resources in time-domain. 
3.2. Pre-emption indication in frequency-domain
Pre-emption indication may need to indicate resources used for PDCCH for URLLC as well as PDSCH for URLLC. Considering scheduling flexibility and network resource usage efficiency, it would not be always guaranteed that both PDCCH and PDSCH for URLLC are mapped on contiguous frequency resources. Furthermore, depending on the URLLC requirements (especially for ultra-reliability), DL resources for PDSCH could be non-contiguously allocated in frequency-domain to achieve frequency diversity. In those points of views, if pre-emption indication includes frequency domain resources, it may need to support non-contiguous resource indication in frequency-domain. For simplicity, it can be considered that frequency-domain resource allocation scheme for NR-PDSCH is a baseline with some modification such as larger RBG size and/or smaller bit field size. 
Proposal 4: It is necessary to support non-contiguous resource indication for pre-emption indication in frequency domain. 

4. 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: Pre-emption indication signal for impacted resources can be mapped on control region without additional control resource set configuration only for indication message. 
· Note that pre-emption 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 2: When pre-emption indication is transmitted in slot #N, it can indicate impacted resources in slot #N-K, where K is indicated by pre-emption indication. FFS on range of K. 
Proposal 3: Time-domain pre-emption indication can be form of pattern indication of impacted resources in time-domain. FFS on details of patterns for impacted resources in time-domain. 
Proposal 4: It is necessary to support non-contiguous resource indication for pre-epmtion indication in frequency domain. 
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