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Introduction
The agreements on control resource set (CORESET) and search space for DL control channel in RAN1 #88 meeting is as follows [1]:
	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



[bookmark: _GoBack]The relation between CORESET and search space is still unclear, and how to configure and how to build search spaces is not much discussed yet. In this contribution, we discuss the configuration of search space and CORESET by focusing on their relation.

Discussion
Multiple search spaces in the same frequency subband
There are a couple of use cases for multiple search spaces in the same frequency range in NR. First, a UE can monitor common and UE-specific search spaces in the same bandwidth as it was done in LTE if the system or UE bandwidth is not quite large. If group common PDCCH is decided to be blindly decoded, there will be a possibility that a separate search space for group common DCI is additionally defined, which may also coexist in the same subband. In addition, in terms of beam management for DL control channel, PDCCH reception can be based on multiple beam pair links to reduce the beam failure probability. If each beam pair link is connected to each search space, then multiple search spaces may be needed even in the same slot depending on the future beam management discussion.
Observation 1: NR should allow multiple PDCCH search spaces in the same slot and the same frequency subband.

Relation between search space and CORESET
There are two ways to construct multiple search spaces in the same slot and the same subband.
Alt. 1: One-to-one mapping between CORESET and search space
· In this case, multiple CORESETs should be configured to make multiple search spaces.
· CORESET may not start from the first symbol of a slot.
· To support TDM or partial overlap among search spaces
· A concept of “set of CORESET” may be needed for efficient signaling of common properties, e.g., DMRS sharing by multiple CORESETs.
· A search space can be constructed based on REGs of a CORESET.
Alt. 2: One-to-many mapping between CORESET and search space
· In this case, one CORESET is sufficient to make multiple search spaces.
· CORESET always starts from the first symbol of a slot (except mini-slot case).
· A concept of “sub-CORESET” is required. A sub-CORESET is a set of REGs used to build a search space (can be considered as a REG pool [2]).
· A search space can be constructed based on REGs of a sub-CORESET.
From our perspective Alt. 1 and Alt. 2 are basically the same. Only the naming and detailed signaling design may be different. According to Alt. 1, UE can be configured with one CORESET and one or multiple sub-CORESETs in one frequency range (e.g., one bandwidth part). On the other hand, based on Alt. 2, UE can be configured with one or multiple CORESETs and possibly one “super-CORESET”. Between the two options, we slightly prefer Alt. 2 since the separation of the CORESET and the search space seems more consistent with our previous discussion in the January ad-hoc meeting which is copied below.
	Agreements in January ad-hoc meeting:
· A control resource set is defined as a set of REGs under a given numerology
· Control search space includes at least the following properties
· Aggregation level(s)
· Number of decoding candidates for each aggregation level
· The set of CCEs for each decoding candidate
· FFS: if any of the following properties belong to control resource set or control search space
· Transmission/diversity scheme
· CCE to REG mapping
· RS structure
· PRB bundling size




Resource configuration of a CORESET (sub-CORESET)
A CORESET consists of one or multiple symbols in time and multiple PRBs in frequency. Based on the agreements in RAN1 #87, the PRBs of a CORESET may or may not be frequency contiguous. The CORESET with distributed PRBs may provide larger frequency diversity gains similar to the LTE EPDCCH configuration.
However, several disadvantages can be found. First, allowing both localized and distributed CORESETs increases the configuration signaling overhead. Second, if the control PRBs are non-contiguous, then the remaining PRBs between control PRBs are difficult to be scheduled. One solution is to apply rate matching around the CORESET, however, the rate matching may not always be available. For example, the rate matching may not be applicable to the CORESET whose resources are allowed to be reused by data. Third, a CORESET may be confined within a certain bandwidth. If the system bandwidth is small, e.g., 10MHz, then there may be no room to expand the CORESET bandwidth. Even for wider system bandwidth, a CORESET can be configured within a certain subband, e.g., a bandwidth part, to reduce the signaling burden. If the bandwidth of a bandwidth part is not sufficiently large, the benefit of the distributed CORESET will be limited. Therefore, it is preferred to support only the CORESET with consecutive PRBs.
Proposal 1: A CORESET consists of one or multiple symbols consecutive in time, and multiple PRBs consecutive in frequency.

Time and frequency resource size should be defined for each of CORESET and sub-CORESET, based on Alt. 2 terminologies. In the time domain, a CORESET duration can be any integer number of symbols not exceeding the upper limit. However, since the sub-CORESET is a resource unit for generating the search space, the number of sub-CORESET symbols can be restricted to a certain numbers by taking the PDCCH mapping structure into account. Considering that one CCE consists of 6 REGs, the sub-CORESET duration can be either 1, 2, or 3, which are submultiples of 6 to allow efficient DMRS mapping in the case of time first CCE-REG mapping. This restriction can be applied only when time first CCE-REG mapping is configured.
In the frequency domain, there are two options for the number of PRBs (=K) of a CORESET or a sub-CORESET. The first one is to align the value of K to the NR-CCE structure, for example, K can be K=6*M where M is the number of CCEs per symbol. Then in each symbol, there are an integer number of CCEs and there is no remaining REG(s). This may simplify the CCE structure (e.g., lattice type) and the DMRS placement. However, the choice of the bandwidth occupied by a CORESET may be restricted, and as a result the remaining PRB(s) can be wasted if the number of the remaining PRB(s) is small.
The second option is to allow the case of K≠6*M. This approach gives more flexibility in the CORESET bandwidth. However, in this case, some CCEs may span multiple symbols even for frequency first CCE-REG mapping. In addition, it may be impossible to align the bandwidth of CCEs in different symbols. This is not desirable in terms of DMRS overhead or DMRS reuse in the time domain. Also the implementation of 2D channel estimation may be complicated.
Observation 2: For time first CCE-REG mapping, it is beneficial to set the sub-CORESET duration as a submultiple of 6.
Observation 3: For frequency first CCE-REG mapping, it is beneficial to set the number of PRBs of a sub-CORESET as an integer multiple of 6.


Conclusion
In this contribution, we discuss the configuration of search space and CORESET by focusing on their relation. We have the following observations and a proposal:
Observation 1: NR should allow multiple PDCCH search spaces in the same slot and the same frequency subband.
Proposal 1: A CORESET consists of one or multiple symbols consecutive in time, and multiple PRBs consecutive in frequency.
Observation 2: For time first CCE-REG mapping, it is beneficial to set the sub-CORESET duration as a submultiple of 6.
Observation 3: For frequency first CCE-REG mapping, it is beneficial to set the number of PRBs of a sub-CORESET as an integer multiple of 6.
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