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1. Introduction
In 3GPP RAN1 #87 and #88 meetings, the following agreements on the control resource set (CORESET) and search space design were made. 

Agreements:
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling

· Other solution is not precluded
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.

In this paper, we provide our views on the design of CORESET and search space for NR-PDCCH.

2. CORESET design
In this section, we provide our views on the NR-PDCCH CORESET design. The discussion starts from the power on procedure of an UE. When an UE powers on, it begins the initial cell search and chooses a proper cell to perform the following behaviors.
1. Receive the master information block (MIB) from the synchronization signal (SS) block. 
2. The MIB contains the configuration of the common CORESET. 
3. The common search space is embedded in the common CORESET, which carries the DCI for the system information block (SIB) in the PDSCH. 
4. The contents of SIB contain the PRACH configuration, from which the UE can perform the random access procedure to obtain the C-RNTI. 
5. After the C-RNTI is available, the UE can receive the configuration of additional CORESET(s) from dedicated RRC signaling.
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Figure 1. Procedure to obtaining the common CORESET configuration in mmW.
In mmW, it is required to deal with the beam management of the signals involved in the above steps. The procedure to obtaining the common CORESET configuration is illustrated in Figure 1. In the figure, we assume there are two analog beam directions. The information carried in SS block #1 (or #2), common CORESET #1 (or #2), and SIB #1 (or #2) is transmitted via the first (or the second) analog beam direction. For an UE preferring the first analog beam direction in the cell search procedure, he reads MIB #1, and from which he obtains the configuration of the common CORESET #1. He receives SIB #1 by monitoring the common CORESET #1. Via SIB #1, the UE knows the configuration #1 of the PRACH resource and transmits the PRACH preamble following the PRACH configuration. The network then identifies the analog beam direction this UE prefers from the transmitted PRACH preamble. Based on the description above, we have the following proposals.
Proposal 1: The configuration of a common CORESET is carried in the MIB.

Proposal 2: In mmW, the analog beam directions for a common CORESET and the MIB which carries its configuration are the same. 

The common CORESET contains the following search spaces:

· common search space for paging, system information, random access response,

· UE-specific search space for UE-specific DCI. 
However, an UE performs blind decoding only on the common search space before the C-RNTI is available. Since the main purpose of the common CORESET is to deliver broadcast/multicast PDCCHs, the following configuration should be used

· RS configuration with enhanced channel estimation (see more information in a companion paper [1]),

· frequency first and distributed REGs to CCEs mapping.
Besides, the following properties apply to the common CORESET configuration. 
· The configuration of a common CORESET includes the physical resource, numerology, and periodicity. 
· The physical resource in the frequency domain is a set of PRBs, which can be either contiguous or non-contiguous. In the time domain, it is a set of OFDM symbols. 
· The numerology of a CORESET and the associated data region may be different. The subcarrier spacing in the CORESET can be made larger so that the number of OFDM symbols in a fixed duration can be increased. In so doing, more analog beam directions for PDCCH are available in the mmW.   
· The common CORESET may not appear in every slot since the paging message and system information appears periodically and the random access response appears within a time window of the PRACH physical resource.
· The common CORESET carries the container of the group common PDCCH.
We have the following proposal.
Proposal 3. A common CORESET has the following properties. 
· A common CORESET contains the common search space, the group common search space, and the UE specific search space.

· RS configuration with enhanced channel estimation quality is used for a common CORESET.
· Frequency first and distributed REGs to CCEs mapping is used for a common CORESET.
· The configuration of a common CORESET includes the physical resource, the numerology, and the periodicity.
An UE can receive the configuration of additional CORESET(s) form the dedicated RRC signaling. An additional CORESET contains one or multiple UE-specific search spaces. For the additional CORESET,
· Three RS configurations mentioned in [1] can be used depending on the transmission scheme (e.g., MU-MIMO, single PDCCH with a lower code rate, or single PDCCH with enhanced channel estimation quality) of the PDCCH,

· The following three types of REGs to CCEs mapping can be used

· frequency first and distributed REGs to CCEs mapping,
· frequency first and localized REGs to CCEs mapping, and
· time first and localized REGs to CCEs mapping.
Thus, aside from the configuration parameters of a common CORESET, the configuration of an additional CORESET includes two more parameters: the mapping rule of REGs to CCEs mapping, and the RS configuration. To have a higher resource utilization and flexibility, an additional CORESET can overlap with a common CORESET in the physical resource.
Therefore, we have

Proposal 4. An additional CORESET has the following properties. 
· The configuration of an additional CORESET is acquired form dedicated RRC signaling.

· An additional CORESET contains one or multiple UE specific search spaces.
· The additional CORESET contains only UE specific DCIs.
· The configuration of an additional CORESET includes the physical resource, the numerology, the periodicity, the mapping rule of REGs to CCEs, and the RS configuration.
· An additional CORESET can overlap with a common CORESET.
In RAN1 #88 meeting, there is one FFS for the CCEs to REGs mapping regarding the CORESET and the search space design. 
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

For Alt. 1, the REGs to CCEs mappings of different search spaces in a CORESET are the same. For Alt. 2, the REGs to CCEs mappings of different search spaces in a CORESET can be different. Alt. 2 brings the following disadvantages. For example, consider a common CORESET containing both types of search spaces.

· Assume the REGs to CCEs mapping schemes for a common search space and a UE specific search space are different. The restriction of different mapping schemes takes away the possibility that the same PDCCH blind coding is applied to both search spaces.
· Using different mapping schemes for the two search spaces increases the signaling overhead in the MIB and/or the RRC. 

Therefore, we have

Proposal 3. For a given CORESET, there is only one CCEs to REGs mapping scheme.

3. Search space design
The objective of the search space design is to reduce the blocking probability of PDCCH scheduling. If the CCEs of two UEs are not aligned in their physical resource, the blocking rate is higher than the situation in which the CCEs are aligned. An example is shown in Figure 2. Suppose one CCE consists of 4 REGs. In the example, CCE 0 of UE 1 will block the transmission of CCE 2 and CCE 3 of UE 1. In this case, one CCE of an UE blocks two CCEs of another UE. To avoid this problem, we have
Proposal 5.
· In the frequency domain, a CORESET contains an integer multiple number of CCEs.

· The remaining physical resource not used as CORESET can be used for PDSCH.
· If two CORESETs overlap, their CCEs are aligned in the physical resource.
· If time first REGs to CCEs mapping is used, for any two UEs whose CORESET overlap, their CORESET durations in the time domain are exactly the same.
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Figure 2. An example of PDCCH blocking
The CCE indices of PDCCH candidates with the same aggregation level can be consecutive or not. See Figure 3 for illustration. Based on our evaluation results in [2], the distributed search space (shown in Figure 3(b)) provides a lower blocking rate than the localized search space (shown in Figure 3(a)). 
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Figure 3. Localized and distritubed search spaces
Therefore, we have
Proposal 6. Distributed search space is supported for NR-PDCCH. 



4. Conclusion
In this contribution, our views on the design of CORESET and search space for NR-PDCCH were provided. We had the following proposals.

Proposal 1: The configuration of a common CORESET is carried in the MIB.

Proposal 2: In mmW, the analog beam directions for a common CORESET and the MIB which carries its configuration are the same. 

Proposal 3. A common CORESET has the following properties. 

· A common CORESET contains the common search space, the group common search space, and the UE specific search space.

· RS configuration with enhanced channel estimation quality is used for a common CORESET.

· Frequency first and distributed REGs to CCEs mapping is used for a common CORESET.
· The configuration of a common CORESET includes the physical resource, the numerology, and the periodicity.
Proposal 4. An additional CORESET has the following properties. 

· The configuration of an additional CORESET is acquired form dedicated RRC signaling.

· An additional CORESET contains one or multiple UE specific search spaces.
· The additional CORESET contains only UE specific DCIs.

· The configuration of an additional CORESET includes the physical resource, the numerology, the periodicity, the mapping rule of REGs to CCEs, and the RS configuration.
· An additional CORESET can overlap with a common CORESET.

Proposal 5.
· In the frequency domain, a CORESET contains an integer multiple number of CCEs.

· The remaining physical resource not used as CORESET can be used for PDSCH.
· If two CORESETs overlap, their CCEs are aligned in the physical resource.
· If time first REGs to CCEs mapping is used, for any two UEs whose CORESET overlap, their CORESET durations in the time domain are exactly the same.
Proposal 6. Distributed search space is supported for NR-PDCCH. 
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