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1. Introduction
In RAN1#88bis meetings, following agreements were made [1]:
	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
Agreements:
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.
· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.


In this contribution, we provide our views on how to transmit pre-emption indication for downlink. Especially, we focus on physical channel structure, and transmission timing for pre-emption indication. Moreover, it discusses the relationship between pre-emption indication and retransmission for pre-emption recovery. 

2. Physical channel structure for pre-emption indication
Transmission of pre-emption indication would be up to gNB decision. In other words, even though certain assigned DL resources are pre-empted by another DL transmission, it is possible that gNB skips to transmit pre-emption indication. In general, it would be expected that the pre-emption indication will be transmitted only if certain on-going DL transmissions are pre-empted by another DL transmission. In that point of view, DTX detection performance at UE side would be important to design pre-emption indication. In case, CRC can be effectively used for DTX detection. To be specific, UE will assume that pre-emption indication is successfully detected only if its CRC checksum indicates that there is no error. Otherwise, UE will assume that pre-emption indication is not sent by gNB or it fails to detect pre-emption indication. 
Observation 1: CRC can be effectively used for DTX detection of pre-emption indication. 
According to the system-level simulation results as shown in our companion distribution [2], it is observed that it is enough to transmit pre-emption indication no later than retransmission. In other words, when scheduler works in a best effort manner, in most cases, UE will fail to decode pre-empted DL transmission until its retransmission for the same TB is sent by gNB even though the indication of impacted resources is used for demodulation and decoding. Considering BD attempts at UE side, UPT performance with and without pre-emption indication and/or retransmission for the same TB, it seems enough that the indication is transmitted at most once per PDSCH with possible impacted resources. In case, it can be considered that monitoring occasion for pre-emption indication reuses that of PDCCH. Furthermore, the payload size of the indication would be multiple bits which indicate impacted time/frequency resource. One simple approach is to indicate resource allocation field in both time and frequency domain. In those points of views, NR-PDCCH structure such as channel coding, CRC attachment, and monitoring occasion configuration can be reused for the indication signaling.
Proposal 1: NR-PDCCH is used to transmit pre-emption indication. 

3. Pre-emption indication and retransmission for pre-emption recovery
First of all, it can be considered that the indication is transmitted together with the DCI scheduling retransmission for the impacted resources (so called retransmission for pre-emption recovery). If TB-based retransmission is used for pre-emption recovery, pre-emption indication can be implicitly expressed by HARQ process number and NDI. To be specific, for a given HARQ process number, if UE receives toggled NDI (which indicates new data), UE will flush all the coded bits in a soft buffer instead of chase combining. In other words, UE behavior for pre-emption indication reception will be the same with the case where UE receives new data. On the other hands, if parts of CBGs can be retransmitted, additional fields or mechanism to indicate impacted resources may need to be introduced. For instance, when UE detects DCI scheduling CBG-based retransmission before HARQ feedback of the previous transmission for the same TB, UE could assume that all the coded bits associated with the retransmitted CBG index replace coded bits stored in a soft-buffer. Alternatively, it can be considered to introduce buffer clearing indicator, NDI, and/or RV for each CBG. According to our companion distribution [3], considering BD attempts handling and scheduling flexibility, contents and/or size of DCI scheduling CBG-based retransmission needs to be the same for all the use cases (e.g. pre-emption recovery and/or decoding failure recovery). 
In case, simultaneous transmission of pre-emption indication and DCI scheduling retransmission would cause excessive DCI signaling overhead and/or scheduling restriction even though it is expected that the URLLC traffic which can pre-empt DL resources already occupied by another DL transmission would arrive sporadically. In that point of view, it can be considered that the pre-emption indication is separately transmitted from DCI scheduling retransmission for pre-emption recovery. When it is separately transmitted, it can be delivered via a cell-common or UE-group common DCI instead of UE-specific DCI to minimize the overhead. Particularly when a URLLC impacts on multiple UEs’ scheduling, group DCI would be beneficial.
Proposal 2: Pre-emption indication can be separately sent by gNB from DCI scheduling retransmission for pre-emption recovery.
Proposal 3: Cell-common or UE-group common DCI can be used for puncturing indication.

4. 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. Depending on the mapping method of the pre-emption indication, blocking probability of PDCCH can be minimized. 

4.1. 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 2: 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). 
4.2. 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, if 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 3: 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 4: 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). 

5. 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 5: 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. 

6. Conclusion
In this contribution, we discuss pre-emption indication design for downlink. Our proposals are as follows:
Observation 1: CRC can be effectively used for DTX detection of pre-emption indication. 
Observation 2: 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 3: 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: NR-PDCCH is used to transmit pre-emption indication. 
Proposal 2: Pre-emption indication can be separately sent by gNB from DCI scheduling retransmission for pre-emption recovery.
Proposal 3: Cell-common or UE-group common DCI can be used for puncturing indication.
[bookmark: _GoBack]Proposal 4: 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 5: 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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