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1 Introduction

At the previous RAN1 ad hoc meeting, the NR DL control design was discussed extensively. Good progress was achieved on several issues. Regarding the DL control search space design, RAN1 agreed that[1]
Agreements:
· Each candidate of NR DL Control channel search space is composed by K NR-CCE(s)
· A NR-CCE is defined in fixed number of REGs

· FFS: Different REGs can be in the same or different symbols depending on REG to NR-CCE mapping

· FFS: NR-CCE includes the REs assumed for UE-specific DMRS to demodulate that NR-CCE

· FFS: REG to NR-CCE mapping within a control resource set is frequency first, time first or gNB configurable
· FFS: Down selection of REG to NR-CCE mapping
· E.g. K can be 1, 2, 4, or 8, etc
In this contribution, we will discuss the outstanding issues on DL control search space design and provide recommendations to complete the study item phase.
2 Discussion
2.1 Search space definition
At the last meeting, it was seen as useful to clarify what features can be categorized under either the CORESET or search space configuration. It was agreed that the search space includes at least aggregation level(s), number of decoding candidates for each aggregation level and the set of CCEs for each decoding candidates. The following parameters are still FFS:
· Transmission/diversity scheme

· CCE to REG mapping

· RS structure

· PRB bundling size
Similarly to LTE PDCCH/EPDCCH, a NR search space should define how a UE determines the location of control channel candidates for a given aggregation level (AL). Regardless of whethera hierarchical design is employed, a search space is defined for each AL. As discussed in our companion contribution [2], it is more straightforward to treat the CCE-to-REG mapping as a CORESET feature. However, it can also be deemed to be a part of the search space depending on the mapping of localized and distributed control channel candidates. Other features such as the transmission scheme and RS structure should be part of the CORESET configuration. Our understanding is that the PRB bundling described here refers to what assumptions the UE makes about the precoding applied to a set of contiguous PRBs. Again, this does not seem to be required when determining the location of control channel candidates. 
Observation 1: At least the transmission scheme,  PRB bundling and RS structure are not a part of the control search space configuration.
2.2 DL control search space design
Based on a previous agreement on an initial search space configuration, it can be deduced that a first CORESET is obtained from MIB/system information/implicitly derived from initial access information. This first CORESET should at least contain a common search space (CSS) if some SIBs are scheduled, (i.e. not all SIBs are provided by a NR-PBCH). In addition it was agreed that configuration of additional CORESETs is by dedicated RRC signaling. Scheduling of such RRC signaling would have to be in a UE-specific search space (UESS) in the first CORESET since it is the only control resource set that is known to a UE once the DL initial access procedure is complete[2] At least more than one search space could be contained in the first CORESET.
As additional CORESETs may be configured by dedicated RRC signaling, such CORESETS are then somewhat similar to the configuration of EPDCCH PRB pair set. Therefore, a UE-sepcific search space is mapped onto each additional configured CORESET.
Proposal 1: The number of search space contained in the CORESET could be defined as following:

· More than one search space could be contained in the first CORESET.
· A UE-specific search space is mapped onto an additional configured CORESET.
Link adaptation using variable aggregation levels is used to ensure reliability under different channel conditions. In LTE, the aggregation level range is from 1 through 32 CCEs, where 1/2/4/8 is used for PDCCH and up to 32 can be used for EPDCCH. In NR system, aggregation level is still required for reliability and even more aggressive link adaptation may be required for URLLC. As the aggregation level is associated with several aspects, such as the DCI payload size, effective coding rate and the target BLER, further study is needed based on simulation results. In general it is desirable that the performance of NR-PDCCH is at least as good as LTE control channels. Therefore, performance evaluation should compare localized/distributed candidates to similar LTE channels taking into account any differences in actual CCE size. For example, if the NR-CCE consists of 4REGs with 4 REs per REG taken as the DMRS overhead, there are 32 control REs in a NR-CCE compared to 36 REs for LTE PDCCH. While ALs of 1/2/4/8 NR-CCEs may be a good starting for eMBB, tighter reliability constraints for URLLC may require larger ALs such as 16 or 32 at a minimum.
Another outstanding issue is how a UE determine its search space within the CORESET. In LTE system, UE could derive its search space through a hashing function, wherein logical CCE index is used. The method used in LTE could be a good starting for NR DL control search space determination.
The UE decoding complexity is partly determined by the maximum number of blind decoding operations performed within a defined time interval e.g. a slot. Therefore, it is worth restricting the total number of blind decoding operations across all configured CORESETs. 
Proposal 2: Consider restrictions on the maximum number of control channel candidates a UE is required to monitor within a specified time interval e.g. a slot based on 15 KHz SCS.

2.3 Blocking probability issue
For one UE, the channel estimate obtained for one RE should be reusable across multiple blind decodings involving that RE in at least the same control resource set and type of search space (common or UE-specific).[1] Hierarchical design is a straightforward mechanism to achieve the above target, which is analyzed in [2]. One illustration is shown in the following figure.
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Figure2: Example for localized mapping of NR-REGs in a NR-CCE
One concern is that the above hierarchical structure may introduce high blocking probability.[3] Further investigation based on either system level simulation or link level simulation is necessary for this hierarchical structure.
3 Conclusion
This contribution discussed some outstanding details of DL control search space. In summary,
· Observation 1: At least the transmission scheme,  PRB bundling and RS structure are not a part of the control search space configuration.
· Observation 2: The blocking probability is not increased due to hierarchical design.
· Proposal 1: The number of search space contained in the CORESET could be defined as following:
· More than one search space could be contained in the first CORESET.
· A UE-specific search space is mapped onto an additional configured CORESET.
· Proposal 2: Consider restrictions on the maximum number of control channel candidates a UE is required to monitor within a specified time interval e.g. a slot based on 15 KHz SCS.
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