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1. Introduction
In this contribution, we will discuss the configuration and monitoring of common search space and UE-specific search space and the control resource set based on the progress achieved in previous meetings

2. Discussion
2.1. Configuration of CSS and USS
It is preferred for NR to minimize broadcast/UE-common channel(s) from forward compatibility viewpoint. However, it would still be necessary to support DL control signaling monitorable without UE-specific configuration for, e.g., the scheduling information of RAR, paging, and system information, etc. For initial access, UE needs to know how the UE-common (or UE-group-common) search space is transmitted. The configuration of UE-common search space should be provided by MIB carried by PBCH. The scheduling information transmitted by the UE-common search space can schedules other system information carried by PDSCH. 
Besides the above-mentioned search space which is monitorable without UE-specific configuration, additional search space(s) configured UE-specifically is/are used for scheduling information delivery of unicast data. It should be possible to distribute blind decoding candidates for different UEs in a control resource set. It should also be possible to align blind decoding candidates for different UEs in a control resource set to save the DL control signaling overhead if/when multicast type of data scheduling is operated. 
In the NR, more than one type of services (e.g., eMBB service and uRLLC service) would be supported in one cell and different services have different requirement. For the URLLC service, higher reliability is required. In this case, higher aggregation level and compact DCI can be considered to guarantee the reliability. From the perspective of forward compatibility, it is preferable to define separate search space for different service type. To be more specific, multiple common search spaces are configured for multiple service types in one cell. For one UE supporting more than one types of services, the UE may monitor multiple UE-common search spaces and multiple UE-specific search space. In addition, multiple UE-specific search spaces may be configured for a UE even if the UE supports only one type of services. For different search spaces, it should be possible to configure different transmission schemes (e.g., random-BF or UE-specific BF), different resource mapping schemes (e.g., localized or distributed), different control subband bandwidth, etc. This has already been supported in LTE for EPDCCH as multiple EPDCCH sets.
Proposal 1:
· UE-common (or UE-group-common) and UE-specific search spaces are supported.
· Multiple UEs monitor the same UE-common (or UE-group-common) search space(s).
· Parameters of this search space(s) are provided by MIB carried by PBCH.
· UEs supporting multiple services may monitor multiple UE-common search spaces.
· Each UE monitors own UE-specific search space(s).
· Parameters of this search space(s) are provided by UE-specific RRC signaling.
· UEs supporting multiple services may monitor multiple UE-specific search spaces.
· Even UEs supporting only one service may monitor multiple UE-specific search spaces.
2.2. Monitoring occasions of CSS and USS
The monitoring occasions of UE-common search space(s) and UE-specific search space(s) should be configurable independently. For example, for UE-specific search space(s), various periodicities like every slot, every multiple of slots, every mini-slot, every multiple of mini-slots, etc, should be configurable, so that preferred scheduling operation is enabled. On the other hand, it is sufficient to monitor UE-common search space(s) at minimum necessary occasions for, e.g., paging, random access, and initial access. A UE shall monitor UE-common search space and UE-specific search space(s) independently, based on the configurations. When the monitoring occasions of multiple configured search spaces e.g., UE-specific search space and UE-common search space(s) are overlapped in time, UE shall monitor all of them.
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Fig. 1	Example of monitoring occasions of UE-common and UE-specific search spaces.

Proposal 2:
· UE may monitor UE-common/UE-specific search spaces on independent monitoring occasions.
· Common search space is on every slot or multiple of slots, according to PBCH information
· UE-specific search space on various periodicities like every slot, every multiple of slots, every mini-slot, every multiple of mini-slots, etc, based on the RRC configuration.
· At the monitoring occasion where UE-common search space and UE-specific search space overlap, the UE monitors both search spaces simultaneously
2.3. Control resource set
Search space should be defined as a subset of control resource set; UE determines NR-PDCCH candidates based on the search space configured for the UE out of the resources in the control resource set. Therefore, CCE formulation (CCE to REG mapping and CCE indexing) and the PDCCH candidate-to-CCE mapping (time-first mapping or frequency first mapping) should be properties of the control resource set. Besides, similar to EPDCCH PRB set, it is straightforward to consider that RS structure and REG bundling size also belong to the control resource set. If different transmission schemes are desirable for the NR-PDCCH candidates to be monitored, each set of candidates with different transmission schemes should belong to different control resource set.
Different control resource may contain different types of search space e.g., UE-common search space and UE-specific search. Even for one type of search space, different control resource sets have different transmission feature and usage cases. For example, control resource set can be configured with localized resource mapping or distributed resource mapping to achieve frequency diversity gain and frequency selective gain, respectively. Then, from UE perspective, it is possible to be configured with multiple control resource sets for the monitoring of different types of search space or for guaranteeing smooth work in different channel status. In addition, for the case of monitored control resource sets overlapping in frequency domain and/or in time domain, UEs should monitor individual search spaces associated with corresponding control resource set. 
Proposal 3: 
· CCE-to-REG mapping, PDCCH-to-CCE mapping, RS, and REG bundling are CORESET configurations
· UE can be configured to monitor one or multiple CORESETs at a given time
· More than one CORESET can overlap in time and/or in frequency
· UE monitors individual search spaces in the overlapped CORESETs

3. Conclusion
In this contribution, we discuss the support and monitoring of common search space and UE-specific search and control resource set. Our proposals are summarized as below. 
Proposal 1:
· UE-common (or UE-group-common) and UE-specific search spaces are supported.
· Multiple UEs monitor the same UE-common (or UE-group-common) search space(s).
· Parameters of this search space(s) are provided by MIB carried by PBCH.
· UEs supporting multiple services may monitor multiple UE-common search spaces.
· Each UE monitors own UE-specific search space(s).
· Parameters of this search space(s) are provided by UE-specific RRC signaling.
· UEs supporting multiple services may monitor multiple UE-specific search spaces.
· Even UEs supporting only one service may monitor multiple UE-specific search spaces.

Proposal 2:
· UE may monitor UE-common/UE-specific search spaces on independent monitoring occasions.
· Common search space is on every slot or multiple of slots, according to PBCH information
· UE-specific search space on various periodicities like every slot, every multiple of slots, every mini-slot, every multiple of mini-slots, etc, based on the RRC configuration.
· At the monitoring occasion where UE-common search space and UE-specific search space overlap, the UE monitors both search spaces simultaneously.

Proposal 3: 
· CCE-to-REG mapping, PDCCH-to-CCE mapping, RS, and REG bundling are CORESET configurations
· UE can be configured to monitor one or multiple CORESETs at a given time
· More than one CORESET can overlap in time and/or in frequency
· UE monitors individual search spaces in the overlapped CORESETs

- 3/3 -
image1.emf
Slot

UE-specificsearchspace (monitored per every slot)

UE-common (or UE-group-common) searchspace (monitored perevery 5 slots)


