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Introduction
In RAN1#89 Meeting [1], the following agreements were reached for pre-emption indication:
Agreements:
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption 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 preemption indication.


In this contribution, we provide our views on the search space design for efficient indication for eMBB/URLLC multiplexing. The signaling aspect of the pre-emption indication is discussed in more detail in a companion contribution [2].

Discussion
In NR, URLLC data may arrive at a gNB for service after downlink resource allocation has been done for an eminent eMBB transmission. Instead of letting URLLC data wait for the next scheduling time instant, which could be as long as a time slot, the gNB may replace some of the eMBB signals with URLLC signals on the resources that have been allocated for eMBB data, or superpose URLLC signals on some of the eMBB signals. 
To optimize the performance of the eMBB UE, indication about preemptive multiplexing of URLLC and eMBB needs to be sent to the eMBB UE. If the eMBB UE does per-slot NR-PDCCH monitoring, the preemptive multiplexing indication may be sent in the NR-PDCCH of the next time slot. An example is shown in Figure 1, where the NR-PDCCH in the next time slot (slot n+1) carries the preemptive multiplexing indication for the current time slot (slot n) and DCI for the next time slot (slot n+1).
In LTE there are two search spaces for PDCCH candidates: a common search space and a UE-specific search space. In NR, it is desirable to define an additional search space dedicated to those slots that are configured for preemptive URLLC and eMBB multiplexing. Introducing a dedicated search space for preemptive URLLC and eMBB multiplexing allows the eMBB UE to first perform blind detection on those PDCCH candidates that indicate assigned downlink resources have partially been preempted by another downlink transmission in the previous slot. To lower the blind decoding attempts, if an eMBB UE successfully demodulates and decodes the transport block without the knowledge of the preempted transmission, the UE can entirely bypass this dedicated search space.
    


[bookmark: _Ref478126757]Figure 1: Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in the DCI of the next time slot.
However, if an eMBB UE fails to decode the transport block in the current time slot, then it should search the dedicated search space in the current time slot that indicates preemptive URLLC and eMBB multiplexing in the previous time slot. Upon successful detection and decoding of the indication, the eMBB UE may use the indication to increase the likelihood of successful demodulation and decoding of the transport block based on the preempted transmission and/or subsequent (re)-transmissions of the same TB (e.g., by taking out the punctured soft bits on the affected eMBB resources, or performing demodulation with superposition).
The new search space size should be chosen such that the probability of blocking is minimized. In other words, there should be enough NR-PDCCH candidates in the dedicated search space such that the UE can always find the NR-PDCCH corresponding to the overlapping URLLC/eMBB resources, whether or not the UE has managed to detect and decode the transport block successfully in the previous slot.
One way to efficiently lower the blocking probability is to design the search space such that it overlaps with the common search space. Under this scenario, the under-utilized NR-PDCCH candidates in the common search space can be used for the indication of URLLC transmission overlapping the resources scheduled for an eMBB UE. In this case, the UE may check the CRC against multiple RNTIs associated with different DCI formats similar to LTE. 
Proposal 1: Consider introducing a new search space to dynamically indicate URLLC transmission overlapping the resources scheduled for an eMBB UE.
Proposal 2: Consider allowing the newly introduced search space in Proposal 1 to be overlapped with the common search space to reduce the blocking probability. 
Summary
In this contribution, we provided our views on the search space design for URLLC transmission overlapping the resources scheduled for an eMBB UE in the downlink. We are making the following proposals:
Proposal 1: Consider introducing a new search space to dynamically indicate URLLC transmission overlapping the resources scheduled for an eMBB UE.
Proposal 2: Consider allowing the newly introduced search space in Proposal 1 to be overlapped with the common search space to reduce the blocking probability. 
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