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1. Introduction
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] - [6]:
	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

Agreement at RAN1 AH-NR#3:
· UE can be configured to monitor the group common PDCCH for SFI and the group common DCI for DL preemption indication within the same or different CORESETs

Agreements at RAN1 AH-NR#3: 
· As a working assumption
· The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication
· For determination of the frequency region of the reference downlink resource for preemption indication, down select between the following options in RAN1#90bis
· Option 1: The frequency region of the reference downlink resource is configured explicitly by RRC
· Option 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP
· NOTE: Companies are encouraged to address the issues highlighted in the offline summary T-doc R1-1716911

Agreement at RAN1 AH-NR#3:
· The minimum periodicity for UE to monitor group common DCI for DL preemption indication is down-selected between
· Option 1: one slot
· Option 2: less than a slot



This contribution is an update of R1-1716531.

2. Signaling of pre-emption indication
It was agreed that the UE can be configured to monitor the group-common PDCCH for SFI and the group-common DCI preemption indication within the same or different CORESETs. This implies that SFI and pre-emption indication are delivered by different channels or different DCI formats. In order to reduce blind decoding complexity and test cases of group-common DCI monitoring, payload size and channel structure of the following group-common DCIs should be aligned:
· Group-common PDCCH for SFI [2]
· Group-common DCI for pre-emption indication
· Group-common DCI for resource set(s) indication [3]
All the above group-common DCI/PDCCH shall be CRC attached, Polar coded, and channelized in the same manner as for regular DCI. The above three group-common DCIs can be distinguished by RNTI for CRC masking.
Proposal 1:
· Define the following group-common DCIs having the same DCI payload size.
· Group-common PDCCH for SFI
· Group-common DCI for pre-emption indication
· Group-common DCI for resource set(s) indication
· The three group-common DCI/PDCCH are CRC-attached, Polar-coded, and channelized as regular DCI/PDCCH.
· In the same search space, they are distinguished by different CRC scrambling (i.e., RNTI). 

3. Pre-emption indication granularity for time/frequency resources 
As for the monitoring periodicity of pre-emption indication, we are OK to confirm the working assumption “The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication”. Within the reference downlink resource, pre-emption indication indicates which set of resource(s) has/have been pre-empted. As for determination of frequency region of the reference downlink resource, option 1 “The frequency region of the reference downlink resource is configured explicitly by RRC” is preferable. For example, if the carrier bandwidth is 100MHz, while possible pre-emption resource is limited to 20MHz, indicating pre-emption for the whole 100MHz bandwidth wastes the correctly received LLRs. Therefore, option 1 is preferred. Regarding the minimum periodicity of pre-emption indication monitoring, we prefer option 2 “less than a slot”. For the UE supporting PDCCH monitoring at the middle of a slot (i.e., for the UE supporting mini-slot operation), there is no reason to limit pre-emption indication at the beginning of each slot. 
Proposal 2:
· For time-domain resource configuration of pre-emption indication, confirm the working assumption.
·  The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication
· For frequency-domain resource configuration of pre-emption indication, the frequency region of the reference downlink resource is configured by RRC signaling.
· Minimum periodicity of pre-emption indication monitoring should be the same as that for the PDCCH monitoring periodicity that the UE supports as the minimum value.

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 pre-empted resource in the PDSCH, the UE should take that information into account for demodulation/decoding procedure.
There was a discussion on whether to define UE behavior when the UE is informed of pre-empted resource in the PDSCH. If the UE behavior is undefined at all, the network cannot expect any gain of the pre-emption indication. On the other hand, if the UE behavior is to re-start PDSCH demodulation/decoding procedure, the UE may not be able to meet the time budget of HARQ-ACK feedback (see Fig. 1). Taking into account these aspects, following UE behaviors would be reasonable:
· For the code-blocks where the pre-emption can be taken into account for demodulation/decoding until its HARQ-ACK feedback, the information regarding pre-empted resource is taken into account for demodulation/decoding.
· For the code-blocks where the pre-emption cannot be taken into account for demodulation/decoding to meet the time budget of HARQ-ACK feedback, the information regarding pre-empted resource is taken into account for soft-buffer storing. 

[image: ]
Fig. 1	Timeline for data decoding with pre-emption indication.

During the SI, the main identified benefit of pre-emption indication is to improve the BLER of the single transmission by taking the pre-empted resource into account for its decoding. In order to achieve this benefit, pre-emption indication should be sent sufficiently before the HARQ-ACK timing. Otherwise, the benefit of pre-emption indication is achievable only if there is a re-transmission, which is the same as CBGFI of CBG-based (re)transmission [1] while require more signaling overhead.
Proposal 3:
· UE behavior for receiving pre-emption indication is following:
· For the code-blocks where the pre-emption can be taken into account for demodulation/decoding until its HARQ-ACK feedback, the information regarding pre-empted resource is taken into account for demodulation/decoding.
· For the code-blocks where the pre-emption cannot be taken into account for demodulation/decoding to meet the time budget of HARQ-ACK feedback, the information regarding pre-empted resource is taken into account for soft-buffer storing. 

5. Conclusion
In this contribution, we discussed pre-emption indication for downlink and made following proposals:
Proposal 1:
· Define the following group-common DCIs having the same DCI payload size.
· Group-common PDCCH for SFI
· Group-common DCI for pre-emption indication
· Group-common DCI for resource set(s) indication
· The three group-common DCI/PDCCH are CRC-attached, Polar-coded, and channelized as regular DCI/PDCCH.
· In the same search space, they are distinguished by different CRC scrambling (i.e., RNTI). 
Proposal 2:
· For time-domain resource configuration of pre-emption indication, confirm the working assumption.
·  The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication
· For frequency-domain resource configuration of pre-emption indication, the frequency region of the reference downlink resource is configured by RRC signaling.
· Minimum periodicity of pre-emption indication monitoring should be the same as that for the PDCCH monitoring periodicity that the UE supports as the minimum value.
Proposal 3:
· UE behavior for receiving pre-emption indication is following:
· For the code-blocks where the pre-emption can be taken into account for demodulation/decoding until its HARQ-ACK feedback, the information regarding pre-empted resource is taken into account for demodulation/decoding.
· For the code-blocks where the pre-emption cannot be taken into account for demodulation/decoding to meet the time budget of HARQ-ACK feedback, the information regarding pre-empted resource is taken into account for soft-buffer storing. 
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