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Discussion and Decision
1
Introduction
In this contribution we discuss the open issues for the concept of preemptive scheduling as a downlink solution to have efficient multiplexing of eMBB and low latency communication (LLC) traffic such as e.g. URLLC [1]. We build on the following latest RAN1 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
· 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.
2
Preliminaries
At the gNB-side, it is the MAC-layer scheduling functionality that decides how the different users are scheduled. The MAC-layer scheduler also decides when to use preemptive scheduling, where a longer eMBB transmission is partly overwritten by a shorter LLC transmission; e.g. to fulfil the URLLC requirement. It is agreed that having indication of preemptive scheduling to the affected eMBB UE is beneficial. It should basically tell the receiving eMBB UE which transmission contains at least partially unusable information. The former information is useful for the PHY layer operation in the UE for decoding eMBB transport blocks that have been partly damaged due to preemptive scheduling. Given those assumptions, we arrive at the following observations:
Observation 1: The MAC-layer is in control of user scheduling decisions, including decisions on when to use preemptive scheduling where part of an ongoing eMBB transmission is partly overwritten by a transmission to another user (e.g. a URLLC users).

Observation 2: The gNB should be able to inform the UE of the damaged transmission part of an earlier transmisson when scheduling (referred to as preemptive indication).

Observation 3: There needs to be a deterministic dependency between the preemption indication and affected resources of preempted eMBB transmission. 

Observation 4: It is desirable to keep the average overhead from the preemption indication as low as possible. 
Notice that those observations present a challenging problem. In line with Observations 2-3, the preemption indication shall contain accurate information on which of previous eMBB tranmisssions have been subject to preemption, as well as which resources are affected. Only a small subset of the eMBB transmission are typically expected to be subject to preemption, so Observation 4 is rather important in order to have an attractive solution. Furthermore, it is generally considered desirable to have a constant “preemption indication word size” in the PDCCH in order to minimize the blind decoding burden on the UE-side for decoding PDCCH transmissions.
3
Potential solutions
Including many bits in every PDCCH transmission to signal potentially relevant detailed preemptive indication is not attractive as it would correspond to too high constant overhead when the gains would only be present when the pre-emption actually happened. Thus two possible paths appear possible to achieve low-overhead on average;

1.  
Blind-detection for pre-emption indication; The pre-emption indication is only present, and occupying resources, only when pre-emption actually took place. This would impy a new DCI format for the dedicated or group-common PDCCH that the UE would need to constantly search within the configured search space.
2.  
Non-blind detection for pre-emption indication: The pre-emption indication is always present, with additional information that is present only when pre-emption took place. This would imply carrying a pre-emption bit within the dedicated or group-common PDCCH DCI, and in addition a separate pre-emption message, which would be known to be present based on the singe-bit indication.
The solution according to the 1st case above is as explained above, rely solely on PHY layer signaling of the preemption indication. However, in line with Observation 4, such a solution would likely require introduction of new DCI format(s) used only when the gNB wants to issue a preemption indication to a UE. That would essentially mean that UEs will have to search for more DCI formats, thus increasing burden on the UE from such additional operations, and decode and act on several DCIs simultaneously.
The solution according to the 2nd case above , also as explained above, rely on 2-stage indication without the need for blind detction. A single pre-emption indication bit could be included in the DCI with the DL grant of a future slot scheduled to the victim-UE. The pre-emtption indication bit would indicate that the scheduled TB is carrying a special MAC control element, which further tells the UE which TB was pre-empted, and what resources in it were impacted. The TB carried in this slot would be processed normally and it would need to be scheduled to another HARQ process than the one that was pre-empted.
The solution ensures that the PDCCH word size for the Boolean preemption indication has a constant low overhead, and there is no need for blind detection. Only when the Boolean variable on the PDCCH to signal preemption indication is set, the details (timing and affected resources) of previously preemptive scheduling is informed to the UE as part of a MAC CE. This implies that the total signaling overhead for indication is kept low on average (i.e. only including the MAC CE when preemption has actually happened), while at the same time keeping the PDCCH size constant (which is a clear advantage from a UE decoding point of view). The former can be achieved without introducing new DCI formats by simply including a single-bit to signal if preemption has taken place. Also from a gNB point of view, using MAC CE signaling of the detailed preemptive information is in line with the fact that the MAC layer is in control of all scheduling decisions, including decisions on when to use preemptive scheduling.
On the question on whether to use common or UE-specific PDCCH signaling for preemption indication, the following is considered: The gNB MAC-layer is clearly in charge of determing which eMBB users are preempted. In order to minimize the impact on the eMBB throughput, the gNB scheduler algorithm may be designed to only impose preemptive scheduling on few of the eMBB users. If urgent URLLC traffic arrives multiple times during an ongoing set of eMBB transmissions, it would be logical to design the gNB scheduler to preempt the same eMBB user multiple times within one slot, rather than preempting different users. Simply because the BLER of a user experience one preemption event already increases. In summary, those considerations makes us assume that the typically only very few eMBB users will be subject to preemption, and therefore UE-specific PDCCH signal of preemptive indication seems like the logical choice.
This leads to the following proposals:
Proposal 1: The preemption indication on the user-specific PDCCH shall be limited to a simple Boolean indication in order to keep the overhead from preemption indication low on the PDCCH.

Proposal 2: When the gNB schedule a transmission where the Boolean preemption indication is set on the corresponding PDCCH, it can include a MAC-CE that contain details on which of the previous eMBB transmissions has been preempted, and which resources are affected.
4
Conclusion
In summary, we conclude the contribution with the following observations:
· Observation 1: The MAC-layer is in control of user scheduling decisions, including decisions on when to use preemptive scheduling where part of an ongoing eMBB transmission is partly overwritten by a transmission to another user (e.g. a URLLC users).

· Observation 2: The gNB should be able to inform the UE of the damaged transmission part of an earlier transmisson when scheduling (referred to as preemptive indication).

· Observation 3: There needs to be a deterministic dependency between the preemption indication and affected resources of preempted eMBB transmission. 

· Observation 4: It is desirable to keep the average overhead from the preemption indication as low as possible, 
Resulting in the following Proposals:

· Proposal 1: The preemption indication on the user-specific PDCCH shall be limited to a simple Boolean indication in order to keep the overhead from preemption indication low on the PDCCH.

· Proposal 2: When the gNB schedule a transmission where the Boolean preemption indication is set on the corresponding PDCCH, it can include a MAC-CE that contain details on which of the previous eMBB transmissions has been preempted, and which resources are affected.
It is further suggested to consult RAN2 to get their view on using MAC-CE signaling as formulated in Proposal 2.
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