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1. Introduction
As for multiplexing data with different transmission durations, multiple solutions for different cases are agreed/under discussions for NR:
· CBG-based (re)transmission together with the indication of different handling for soft-buffer/HARQ combining [1] – agreed
· Note: This addresses a data that has been pre-empted through HARQ operation.
· Dynamic indication of resource reservation for PDSCH by L1 signalling [2], [3] – agreed
· L1 signalling is PDCCH scheduling the PDSCH [2] – under discussion
· L1 signalling is SFI carried by a group-common PDCCH [3] – under discussion
· Note: this addresses a data that will be pre-empted (hence rate-matched around the reserved resource) at the current/future timing.
· Pre-emption indication for downlink – agreed
· Note: this addresses a data that has been pre-empted before HARQ operation.

In this contribution, we address pre-emption indication for downlink. Following agreements have been achieved at the previous RAN1 meetings are taken into account [4] - [5]:
	Agreements at RAN1 AH#2:
· 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

Agreements at RAN1#90:
· Preempted resource(s) within a certain time/frequency region (i.e. reference downlink resource) within the periodicity to monitor group common DCI for pre-emption indication, is indicated by the group common DCI carrying the preemption indication
· The frequency region of the reference downlink resource is configured semi-statically
· FFS: explicit signaling or implicitly derived by other RRC signalling
· The time region of the reference downlink resource is configured semi-statically 
· FFS: explicit signaling or implicitly derived by other RRC signalling
· The frequency granularity of pre-emption indication is configured to be y RBs within the reference downlink resource for the given numerology
· FFS: explicit signaling or implicitly derived by other RRC signalling
· Note: The y RBs can correspond to the whole frequency region of the downlink reference resource.
· The time granularity of pre-emption indication is configured to be x symbols within the reference downlink resource for the given numerology
· FFS: explicit signaling or implicitly derived by other RRC signalling
· Note: Time/frequency granularities of pre-emption indication should take into account the payload size of the group common DCI carrying the pre-emption indication



2. Signaling of pre-emption indication
Pre-emption indication is carried by a group-common DCI in PDCCH. It is FFS whether it is the group-common PDCCH carrying SFI. We believe that the group-common PDCCH carrying SFI is the same structure as regular PDCCH (e.g., CRC attached, Polar coded, QPSK modulated, mapped on physical resources, based on the same rules as for regular PDCCH) [3]. The SFI is expected to be smaller payload (e.g., 3~4 bits) compared to regular DCI and therefore, remaining payload of the group-common PDCCH can be used for other purposes. Therefore, rather than defining a new group-common DCI separately from the group-common PDCCH, it is much simpler and beneficial to support pre-emption indication by the group-common PDCCH. 
Note that SFI and pre-emption indication should be configured separately and independently; a UE can be configured to monitor group-common PDCCH carrying either or both of SFI and pre-emption indication.
Proposal 1:
· Pre-emption indication is included in a group-common PDCCH.
· UE can be configured to monitor group-common PDCCH carrying either or both of SFI and pre-emption indication.

3. Pre-emption indication granularity for time/frequency resources 
For a data scheduling, the scheduling DCI has time/frequency resource allocation field(s). Since pre-emption indication can be interpreted as the indication for “pre-empted resources” for the monitoring UE, it is worthwhile to consider re-using resource allocation field(s) of the scheduling DCI for the pre-emption indication. 
[bookmark: _GoBack]For slot-based scheduling, a data is typically scheduled over a slot or slightly smaller than a slot. Therefore, the DCI for slot-based scheduling should have resource allocation field(s) with fine granularity for frequency-domain (e.g., RBG-level bit-map) and coarse granularity for time-domain (e.g., a few bits indication of starting position/duration). For non-slot-based scheduling (e.g., for low-latency services), DCI should have less payload to lower coding rate or save overhead, and typically the scheduled data is close to the DCI in time, so that the delay between the DCI and the scheduled data is minimal. Therefore, the DCI for low-latency data could have resource allocation field(s) with coarse granularity in both frequency and time-domains. The desirable granularity of pre-emption indication for time/frequency resources is fine for time-domain and fine/coarse in frequency-domain; which is NOT aligned either with that for slot-based scheduling or non-slot-based scheduling.
The resource granularity of pre-empted resource should be aligned with that for URLLC data. Therefore, the granularity of time/frequency resources for pre-emption indication should be discussed together with the resource allocation mechanism/granularity for URLLC data.
Proposal 2:
· Granularity of time/frequency resources for pre-emption indication should be discussed together with the resource allocation mechanism/granularity for URLLC data.

4. UE procedure when the PDSCH pre-emption is indicated
The pre-emption indication is targeting to inform puncturing a data with slot-based scheduling. The UE receiving PDSCH starts demodulation/decoding procedure; channel estimation, demodulation, and decoding. If the UE receives pre-emption indication informing the punctured resource in the PDSCH, the UE should re-start demodulation/decoding procedure taking into account the received parts in the pre-empted resources are not reliable.
UE needs a certain time interval to report HARQ-ACK based on the decoding result of a PDSCH. Reception of pre-emption indication for a PDSCH may have impact on HARQ timeline for the PDSCH. For example, if the HARQ-ACK timing is the minimum timing the UE can process, if the pre-emption indication is received after the PDSCH reception, the UE may not be able to feedback HARQ-ACK at the timing indicated by the scheduling DCI. 
[image: ]
Fig. 1	Timeline for data decoding with pre-emption indication.

In order to address this issue, following options can be considered:
Option 1: Based on the pre-emption indication, HARQ-ACK timing is updated.
Option 2: Together with the pre-emption indication, HARQ-ACK timing/resource update information is signaled.
Option 3: The scheduling DCI indicates HARQ-ACK timing, such that the time difference between pre-emption indication and the HARQ-ACK timing is equal to or larger than the minimum HARQ timeline. In other words, scheduler takes into account the timeline such that the minimum HARQ timeline is ensured after the reception of pre-emption indication.
Among them, option 3 would only be feasible. Option 1 requires network to reserve multiple PUCCH resources for a PDSCH such that potential pre-emption can be informed. Option 2 is not realistic since the pre-emption indication is transmitted in the group-common DCI, while the HARQ-ACK feedback timing/resource is UE-specific. Option 3, although it requires to delay the HARQ-ACK feedback timing when monitoring pre-emption indication is configured, could resolve the issue without harm.
Proposal 3:
· gNB should ensure sufficient time interval for UE processing a PDSCH after receiving a pre-emption indication for the PDSCH until HARQ-ACK is sent.

5. Conclusion
In this contribution, we discussed pre-emption indication for downlink and made following proposals:
Proposal 1:
· Pre-emption indication is included in a group-common PDCCH.
· UE can be configured to monitor group-common PDCCH carrying either or both of SFI and pre-emption indication.
Proposal 2:
· Granularity of time/frequency resources for pre-emption indication should be discussed together with the resource allocation mechanism/granularity for URLLC data.
Proposal 3:
· gNB should ensure sufficient time interval for UE processing a PDSCH after receiving a pre-emption indication for the PDSCH until HARQ-ACK is sent.
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