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Introduction
The NR Study Item was completed and closed in RAN plenary meeting #75 where the TR 38.802 was approved and is available in [1]. The NR Work Item was also approved in [2] where the WI targets meeting both eMBB and URLLC related 5G requirements in Rel-15. The design of DL control channel is an essential part of the WI.
NR supports configuration of a time-frequency allocation containing one or multiple search spaces for DL control channel which is referred to as the Control resource set (CORESET). In the following we list the relevant agreements achieved in the last previous RAN1 meetings [3][4] on the topic of resource sharing between PDCCH and PDSCH. 

Agreements (RAN1#87):
· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain
· FFS if resource reuse can be done in time domain as well
· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data
· FFS: time/frequency granularity of the resource reuse
· FFS: signaling needed, if any

Agreements (RAN1 Ad-hoc 1701)):
· The starting position of downlink data in a slot can be explicitly and dynamically indicated to the UE.
· FFS: signaled in the UE-specific DCI and/or a ‘group-common PDCCH’
· FFS: how and with what granularity the unused control resource set(s) can be used for data
 
In this contribution we discuss the motivation for enabling resource sharing between PDCCH and PDSCH in general and discuss the need for simple approaches. A detailed approach on how to achieve transmission of data on unused control resources is provided in [5].                                                                                                                                                                                                          
Discussion
In LTE, the length of the control region in time can be indicated by the PCFICH so that there is some flexibility in the number of OFDM symbols in a slot that are used for data and for control. While this provides some flexibility, the granularity is limited since it is possible to do this only in time. With NR it is beneficial to introduce greater granularity as discussed below.

The first motivation to provide greater granularity is that the channel bandwidths could be quite wide in some frequency bands. When only a few UEs are being served by in a large bandwidth, a small CORESET size can be used, e.g., CORESET spanning only a few PRBs and one OFDM symbol. Reuse of control resources within the CORESET is less important in this case since the number of resources being wasted is not too high as the resources outside the CORESET can be used for data even in the first OFDM symbol. However, when there are a larger number of UEs in the cell there is a need to have a larger CORESET to accommodate scheduling many UEs without blocking. But, even in these situations, the load can be low for brief periods of time, there may only be one or two UEs that are scheduled at any given time. In this case, reuse of the control resources can be important in increasing throughput. 

Another reason for being able to reuse the resources in the CORESET is the potential use of shorter slots. In this case, the control region overhead could be higher and this problem would be alleviated somewhat if unused control resources could be reused for data.

Considering the above motivations for the agreement to allow resources in a CORESET to be used for data, it is important to use an approach that limits unnecessary complexity and overhead. Considering this constraint, we propose that it should not be necessary for the UE to know the control resources being used by other UEs. The cost of providing such information to the UE is essentially greater overhead in the DCI message as well as added scheduler complexity at the gNB. This cost is potentially incurred in every DCI message with the overhead and complexity increasing as a greater number of CCE combinations that should or should not be reused for data need to be signaled to the UE. And if that complexity is to be limited by allowing such signaling only for the case where there are very few UEs being scheduled simultaneously, the functionality is anyway limited. Therefore, it can be considered that the reuse of control resource sets for data should be enabled only when the UE receives a PDCCH and it can reuse control resources without knowing any other information about other CCEs being used by other UEs. This will limit reuse to the lower load cases, but this is where the reuse is most likely most helpful and will limit the DCI overhead incurred.

Proposal: A UE should be able to reuse control resources within a CORESET for data without being signaled any information regarding other UEs being simultaneously scheduled.

 
Conclusion
In this contribution we discussed our view on viable options that enable efficient transmission of data in the control resource set and proposed the following:                                                                                                                                                                                                          
Proposals: A UE should be able to reuse control resources within a CORESET for data without being signaled any information regarding other UEs being simultaneously scheduled.
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