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1. Introduction
In previous RAN1 meetings, agreements related to CORESET were made as follows;
	<RAN1 #86bis>
Agreements:
For the frequency-domain aspects:

· A UE monitors for downlink control information in one or more “control subband”

· This does not preclude that UE may receive additional control information elsewhere within or outside the control subband in the same or different OFDM symbol(s)

· FFS: One DCI message is transmitted within one control subband.

· A “control subband” is smaller than or equal to the carrier bandwidth (up to a certain limit) 

· FFS if a “control subband” is non-contiguous and/or contiguous in the frequency domain. 

· A “control subband” consists of an integer number of RBs/PRBs in the frequency domain
· FFS: multiplexing of multiple control channels in a subband
Agreements:
· UE-specific DL control information monitoring occasions at least in time domain can be configured
<RAN1 #87>

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:
· At least for single-stage DCI design:

· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information

· The PRBs may or may not be frequency contiguous

· A UE may have one or more control resource sets

· Working assumption: One DCI message is located within one control resource set

· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel

<RAN1 NR Ad-Hoc (Jan.)>
Agreements:
· 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

· FFS: if the control resource sets can overlap or not

· FFS: whether the mapping between control resource set and control search space is one-to-one or one-to-many 

<RAN1 #88>
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 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
<RAN1 #88bis>
Agreements:
· MU-MIMO is supported NR-PDCCH using at least non-orthogonal DMRS.

· FFS: orthogonal DMRS for UE-specific NR-PDCCH


In this contribution, we discuss control resource set-specific characteristics for flexible operations of NR-PDCCH. 
2. Discussions 
Multiple control resource sets which have different resources and properties are beneficial for flexible operations. In following sections, we discuss control resource set-specific and search space-specific configuration. Some contents of those configuration can be pre-defined or fixed because some discussions related to the contents are ongoing. 
2.1. Control resource set (CORESET)-specific configuration 
According to the previous agreement, the time/frequency resource of a CORESET can be obtained from initial access information or dedicated RRC signaling. The following configurations of a CORESET are helpful to flexible operations and it can be pre-defined or signaled according to a search space type (e.g., CSS/USS) included in the CORESET.
Resource allocation for CORESET
A gNB can configure time/frequency duration of each CORESET, and resources constituting a CORESET can be contiguous or discontinuous in frequency domain. In addition, a NR-PDCCH monitoring (slot) set can also be configured for UE’s power saving. A UE receiving a NR-PDCCH monitoring set doesn’t need to do blind detects on slots which is not included in the monitoring set. 
RS scrambling parameter
In RAN1#86bis meeting, it was agreed that a UE monitors for downlink control information in one or more “CORESET”, and it is smaller than or equal to the carrier bandwidth. In our understanding, multiple CORESETs can be used for changing TRP/cell dynamically like it was in EPDCCH, for example, CORESET-specific scrambling parameter can be configured for implicit TRP changing. In addition, according to the agreement in previous meeting, MU-MIMO is supported for NR-PDCCH using at least non-orthogonal DMRS. In order to differentiate each UE in MU-MIMO operation, CORESET-specific RS scrambling parameter can be used. For example, each UE included in MU-MMO pairing can different CORESET-specific RS scrambling parameter. So, we propose that CORESET-specific RS scrambling sequence (e.g., using virtual cell ID) is configured to each UE. Regarding the MU-MIMO, orthogonal DMRS can provide benefits in terms of channel estimation and interference cancellation. So, if MU-MIMO using orthogonal DMRS is introduced, then information about RS port could be configured additionally.
 Resource mapping
Distributed resource mapping can obtain frequency diversity gain as well as interference diversity gain, while localized resource mapping is suitable for achieving beamforming gain. Therefore, it is desirable that both resource mapping schemes are supported in NR-PDCCH. Because each resource mapping scheme needs different resource structure (e.g., with/without interleaving), if both mapping schemes apply to same resource region, blocking probability may be increased dramatically. For example, each distributed REG of CCE in distributed mode can block each CCE in localized mode. So we propose that CORESET-specific resource mapping type is configured to each UE. To allow flexibility, it is however proposed that different CORESETs may overlap each other.
 REG bundling
In the last meeting, it was agreed that REG bundling per CCE is supported for NR-PDCCH, and the UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time. The frequency-domain REG bundling is beneficial to increase channel estimation performance, while the time-domain bundling has merits of noise suppression or coding gain. Details of REG bundling can be found in our companion contribution [1].  So the gNB can configure the bundling type (i.e., time/frequency-domain bundling) considering channel condition and coding rate.
The bundle size of localized mapping may be larger than that of distributed mapping, and bundle size can be selected considering trade-off between channel estimation performance and frequency diversity gain when distributed mapping is used. Therefore, the bundling size can be configured to each CORESET. 
In addition, the inter-CCE bundling can also be considered, because it is beneficial to increase channel estimation performance when time domain REG bundling and distributed mapping is applied. 
RS configuration
Several types of RS configuration can be considered [2]; e.g., full loaded RS and front loaded RS. The front loaded RS means RS is located on 1st REG of REGs constituting a same CCE (or candidate) in a same PRB, and this type has a higher coding gain than another type because of RS overhead reduction. When the time domain bundling is applied, the front loaded RS type is useful to decode low aggregation level candidates. On the other hand, if coding rate is low enough, channel estimation performance by using full loaded RS is more important to overall performance because it is difficult to acquire additional coding gain. So, it is desirable to configure RS configuration to different aggregation levels and/or CORESET. 
Search space configuration
As mentioned above, each CORESET can have different properties for achieving different purpose, and it means search spaces included in different CORESET also have own configuration. (Details of search space configuration are discussed in next section. For example, aggregation levels and the number of candidates for each aggregation level can be configured to each CORESET. In addition, the type of search space can be configured CORESET-specifically. The common search space (CSS) can be assigned to CORESET using distributed mapping, while UE-specific search space (USS) can be assigned to both localized and distributed mappings.
Proposal 1: Followings can be configured for each CORESET;
· Resource allocation of CORESET
· RS scrambling parameter (e.g., virtual cell ID)
· RS configuration (e.g., full/front loaded RS) 

· Resource mapping (e.g., localized/distributed mapping)
· REG bundling type and size
· Search space configuration (e.g., types (CSS/USS), ALs, the number of candidates)
2.2. Search space-specific configuration
As discussed above, in order to increase the flexibility of NR-PDCCH transmission and reception, a UE should try to detect candidate blindly in multiple control resource sets. For this operation, a whole search space can be divided into several sub-search spaces (subSSs, e.g., subUSSs) and each subSS can be allocated to different CORESETs. In addition, each subSS has own properties such as aggregation level(s) and number of decoding candidates for each aggregation level;
Aggregation level(s)
Each subSS can have own aggregation level(s), for example, a subUSS#1 consists of aggregation level 1,2,4 and 8 candidates, while aggregation level 4,8 and 16 candidates compose a subUSS#2. In many ways, this is beneficial to maintain reliability of control channel performance. For example, minimum coding rate can be guaranteed even if each control resource set has different number of available REs. Furthermore, each CORESET has its strength and weakness depending on CORESET configuration. For example, if time domain bundling and front loaded RS are used for a CORESET, we can expect better performance of low aggregation level because the CORESET focus on increasing coding gain. On the other hand, the performance improvement by coding gain of high aggregation level may be negligible.
Number of decoding candidates for each aggregation level
For a similar reason with aggregation levels, each subSS can have different number of candidates for each aggregation level. For example, more candidates can be allocated to low aggregation level in a subSS for UE-dedicated beamforming, while high aggregation level is prioritized for transmit diversity scheme.
Proposal 2: The search space for a UE can be divided to multiple subSSs, and each subSS can be located at different control resource set and can have own properties such as supported aggregation levels and the number of candidates of each aggregation level.
2.3. Relation between CORESET and search space 
According to the previous agreement, it remains FFS whether the mapping between CORESET and control search space is one-to-one or one-to-many. In the case of one-to-many mapping, there are two options by search space types multiplexed in a same CORESET. The first option is to multiplex a CSS and a USS within a CORESET, and it seems so natural if both SSs have same configurations which are related to resource mapping such as resource mapping types (localized/distributed) and bundling types (time/frequency domain bundling). The RS scrambling may be different between CSS and USS, but it doesn’t cause problem. The second option is to multiplex different subUSSs for different purposes. In order to construct a search space, a resource region which includes the search space is needed. It means multiple subCORESETs and each subCORESET’s configuration within a CORESET should be signalled for this option, because different purposes of each subCORESET can be achieved by different configuration. Especially, if different purposes need different resource mapping, overlap between subCORESET should be avoided to decrease blocking probability. For example, if a subCORESET using distributed mapping and a subCORESET using localized mapping are overlapped, then one candidate of each subCORESET can block multiple candidates of another subCORESET. This restriction may cause inefficient resource assignment, and there is a same problem in one-to-one mapping. In addition, 2-step signaling is needed for the second option, it means that additional signaling overhead may also be needed for allocating multiple subCORESETs and indicating configuration of each subCORESET. Based on these issues, at least single beam case, we cannot see any appropriated reason to support one-to-many mapping. However, in multiple beam case, the second option can be considered. If different Tx beams are transmitted in different symbols, for the simple operation, the UE can assume same CORESET configuration in all control symbols and independent search space in each symbol. This is just an example of UE behaviour when multiple beams are used in control channel, further studies are needed for multiple beam observation in control channel.
Proposal 3: The one-to-one mapping between CORESET and control search space is preferred slightly.
3. Conclusion
In this contribution, considerations on control resource set and search space are discussed, and followings are proposed;
Proposal 1: Followings can be configured for each CORESET;
· Resource allocation of CORESET
· RS scrambling parameter (e.g., virtual cell ID)
· RS configuration (e.g., full/front loaded RS) 

· Resource mapping (e.g., localized/distributed mapping)

· REG bundling type and size

· Search space configuration (e.g., types (CSS/USS), ALs, the number of candidates)
Proposal 2: The search space for a UE can be divided to multiple subSSs, and each subSS can be located at different control resource set and can have own properties such as supported aggregation levels and the number of candidates of each aggregation level.
Proposal 3: The one-to-one mapping between CORESET and control search space is preferred slightly.
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