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1	Introduction
In RAN1 #88, the following agreements have been reached for NR control resource set and control search space.
Agreements:
· NR-PDCCH can be mapped contiguously or non-contiguously in frequency
· The following may be considered to achieve the above (in the physical domain)
· Option 1: Localized or distributed mapping of REGs to a CCE. 
· Option 2: Localized mapping of REGs to a CCE. Localized or distributed mapping of CCEs when multiple CCEs are needed for an NR-PDCCH
· Down-selection between Opt 1 and Opt 2 should be further discussed
· Companies are encouraged to perform evaluations considering aspects such as channel estimation, frequency diversity, impact of resource reuse for NR-PDSCH, etc., especially for one CCE case
Agreements:
· FFS details of mapping of NR-PDCCH in time and frequency, considering the following options:
· Frequency first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate 
· Time first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate
· Frequency first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate
· Time first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate
· Down-selection should be discussed, including of the number of supported option(s)
Agreements:
· Multiple control resource sets can be overlapped in frequency and time for a UE.
· A search space in NR is associated with a single control resource set
· The search spaces in different control resources sets are defined independently.
· The max number of BD candidates for a UE is defined independently of the number of control resource sets and the number of search spaces.
Agreements:
· Further study the following alternatives:
· Alt 1: For a given control resource set, there is only one CCE to REG mapping scheme
· Alt 2: For a given search space, there is only one CCE to REG mapping scheme
In this paper, we further discuss the relationships between these concepts.
2	Discussion
A control resource set is defined as a set of REGs under a given numerology. At least one control resource set is indicated by the MIB, so that when UE acquires the NR channel, it knows where to monitor for the control channels. A UE can be redirected to other control resource sets. To distinguish these control resource sets, we will denote the control resource set indicated by the MIB as common control resource set, and the other control resource sets as UE specific control resource sets.
For each control resource set, a maximum time domain length in the unit of number of OFDM symbols under nominal numerology needs to be specified. The length is a trade-off between control overhead and control channel capacity. As a trade-off, we propose to restrict the number of the OFDM symbols up to 2, subject to further OFDM symbol splitting.
[bookmark: p0]Proposal 1. The maximum length of a control resource set is limited to 2 OFDM symbols under the given numerology. OFDM symbol splitting can be applied.
Within a control resource set, the control resource is defined in REG, CCE level, and search space can be further defined as a set of decoding candidates of different aggregation levels of CCEs. For common control resource set, we believe it should be possible to define both common search space and UE specific search space. For example, if the system bandwidth for a NR channel is not very wide, we may not want to define multiple control resource sets and can use one single control resource set, which will be the common control resource set. Then at least in this case, we will need to support both CSS and USS in the same common control resource set.
On the other hand, when UE specific control resource set and multiple UEs are configured to monitor the same UE specific control resource set, it makes sense to support a common search space in the resource set to allow sending broadcast grants to this set of UEs. 
A UE can be configured to monitor one or more search spaces in one or more control resource sets. For USS, similar to LTE CA, it should be possible to configure the UE to monitor USS from multiple control resource set in one or more NR CC. However, for CSS, to save blind decoding complexity, there may not be need to monitor CSS from multiple control resource sets.
[bookmark: p1]Proposal 2. From gNB perspective, a common control resource set supports common search space and UE specific search space.
[bookmark: p2]Proposal 3. From gNB perspective, a UE specific control resource set can also support common search space and UE specific search space.
[bookmark: p3]Proposal 4. UE can be configured with one CSS and one or more USS in multiple control resource sets over one or more NR component carriers.
In RAN1 #88, multiple potential ways for CCE to REG mapping and PDCCH to CCE mapping are identified, including different combinations of time first and frequency first, and localized or distributed. The final set of combinations can be further down-selected, but we believe a few options will be available for different use cases. In that case, for a coreset supporting multiple search spaces for different UEs, if different search spaces have different mapping, the collision probability between PDCCH with different mapping will be substantially higher than the collision probability when all search spaces are using the same mapping.
[bookmark: p4]Proposal 5. Within one coreset, one CCE to REG mapping and one PDCCH to CCE mapping is used.
3	Conclusions 
For control resource set and search space design, we have the following proposals:
[bookmark: _GoBack]Proposal 1. The maximum length of a control resource set is limited to 2 OFDM symbols under the given numerology. OFDM symbol splitting can be applied.
Proposal 2. From gNB perspective, a common control resource set supports common search space and UE specific search space.
Proposal 3. From gNB perspective, a UE specific control resource set can also support common search space and UE specific search space.
Proposal 4. UE can be configured with one CSS and one or more USS in multiple control resource sets over one or more NR component carriers.
Proposal 5. Within one coreset, one CCE to REG mapping and one PDCCH to CCE mapping is used.
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