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Introduction
In RAN1 NR Ad-Hoc#2 Meeting [1], the following agreements were reached for DL pre-emption indication:
Agreements:
· For downlink pre-emption 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 pre-emption indication is configured by RRC signaling
· The granularity of pre-emption indication in time domain can be configured 
· Details of granularity are FFS
Furthermore, in RAN1#89 Meeting [2], it was agreed:
Agreements:
· For pre-emption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The pre-emption indication is transmitted using a PDCCH.
· The pre-emption 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 pre-emption indication.
In this contribution, we discuss the remaining details related to the pre-emption indication for DL.
PDCCH design aspects for pre-emption indication
Per agreement in the RAN1 NR Ad-Hoc#2 Meeting [1], the pre-emption indication (PI) is transmitted using a group common DCI in PDCCH. However, it is still FFS whether this group common DCI can be transmitted together with SFI in the group common PDCCH. Given that the majority view by most companies is that only SFI is transmitted in the group common PDCCH, we believe the next logical step is to agree that the DL pre-emption indication is transmitted using a group-common DCI in an NR-PDCCH which is transmitted separately from SFI.  
Proposal 1: The group-common DCI which carries the pre-emption indication is transmitted separately from SFI.
The mechanism for identification of the group-common DCI carrying pre-emption indication could be similar to the DCI Formats 3/3A in LTE where the DCI formats contain transmit power control (TPC) commands for a group of users. In other words, a single fixed identifier (e.g., the Pre-emptive Indication RNTI (PI-RNTI)) can be defined for each group of UEs which is implicitly encoded in the CRC of the group common DCI carrying pre-emption indication. In this approach, the scheduler may assign different pre-emption indication identifiers to different groups of UEs depending on their actual resource allocations through RRC signalling. Alternatively, the PI-RNTI can be fixed in the specifications for all UEs similar to the SI-RNTI in LTE. In this case, any UE who is configured by higher layer to monitor pre-emption indication in a given slot uses the uniquely defined PI-RNTI to detect the group-common DCI carrying pre-emption indication. Perhaps further discussions are needed to determine which approach is more appropriate.
Proposal 2: Define a pre-emption indication identity (e.g., PI-RNTI), which is implicitly encoded in the CRC, for identification of the group common DCI carrying pre-emption indication. 
As for the group common DCI used for transmission of a PI, based on the recent agreements, the DCI should at least include the DL time-frequency physical resources which are pre-empted. However, in order to avoid a higher blind decoding overhead, the DCI message size could be matched to the size of other group common DCI messages such as SI, paging, RA, TPC, etc. (e.g., using padding). 
Proposal 3: The group common DCI message size carrying pre-emption indication should be matched to the size of other group common DCI messages.
As for the granularity of the time and/or frequency resources, the impacted PRBs in the frequency domain as well as the impacted OFDM symbols in the time domain should be signaled to the UE resulting in a PRB-level frequency-resource granularity and an OFDM-symbol level time-resource granularity. This approach is to maximize the benefit of the pre-emptive indication by identifying the exact resources that are pre-empted given that the URLLC transmissions most likely will impact a small subset of the physical resources allocated for eMBB transmissions. 
Note that for larger granularity, the gNB may configure the UE with the CBG-based retransmission mechanism rather than the PI and as such the PI may not be needed.
Proposal 4: For pre-emption indication, the granularity of the frequency resources should be at the PRB-level and the granularity of the time resources should be at the OFDM-symbol level.
As for the signaling of the time-frequency resources, it can either be explicitly included in the group-common DCI carrying the pre-emption indication or they can be configured by RRC and then an index to one of the pre-specified time-frequency resource configurations is included in the DCI. Obviously, the latter approach has a lower overhead compared to the explicit signaling of the resources in the group common DCI. However, any decision on this aspect may need to take into account the DCI message sizes of other group-common DCIs if one wants to match the size of the group-common DCI carrying pre-emption indication to the size of other group-common DCI messages to lower blind decoding overhead as indicated in Proposal 3.

Timing of the pre-emption indication
Given that the pre-emption indication (PI) is agreed to be transmitted using a PDCCH, the most logical occasion to transmit the pre-emption indication is at the beginning of the next slot. Besides, referring to the earlier agreement for transmitting the pre-emption indication on a group common DCI, there won’t be any impact on the blind decoding attempts by the UE as long as the DCI used for carrying the pre-emption indication has the same message size as the other group-common DCIs transmitted on the common search space (e.g., paging, system information, etc.). However, by transmitting the pre-emption indication on the group-common DCI, there could be some potential impacts on the search space design which we have discussed more in details in one of our contributions [3].
Proposal 5: The group common DCI carrying pre-emption indication should be transmitted at the beginning of the next slot. 

Conclusion
In this contribution, we discussed our views on the remaining details of pre-emption indication for DL. We made the following proposals:

Proposal 1: The group-common DCI which carries the pre-emption indication is transmitted separately from SFI.
Proposal 2: Define a pre-emption indication identity (e.g., PI-RNTI), which is implicitly encoded in the CRC, for identification of the group common DCI carrying pre-emption indication. 
Proposal 3: The group common DCI message size carrying pre-emption indication should be matched to the size of other group common DCI messages.
Proposal 4: For pre-emption indication, the granularity of the frequency resources should be at the PRB-level and the granularity of the time resources should be at the OFDM-symbol level.
Proposal 5: The group common DCI carrying pre-emption indication should be transmitted at the beginning of the next slot. 
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