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1. Introduction
In this contribution, search space design for NR-PDCCH is discussed.

2. Search space
2.1. UE-common/UE-group-common search space and UE-specific search space
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. Note that one UE may support more than one types of services, and in this case, the UE may monitor multiple UE-common search spaces. In other words, UE-common search space may not be ‘common’ for any services and any UEs in the cell. 
Besides the above-mentioned search space monitorable without UE-specific configuration, additional search space(s) configured UE-specifically is/are used for unicast scheduling information delivery. It should be possible to distribute blind decoding candidates for different UEs in a control resource set or in a search space. It should also be possible to align blind decoding candidates for different UEs to save the DL control signaling overhead if/when multicast type of data scheduling is operated. 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 search space sets.
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) in 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 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.
· Even UEs supporting only one service may monitor multiple UE-specific search spaces.
· UE may monitor UE-common/UE-specific search spaces on independent monitoring occasions.
· Common search space on every slot or every multiple of slots according to broadcast/SIB 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 of the search spaces simultaneously.

2.2. NR-PDCCH candidates in the search space
Like in LTE, UE shall monitor PDCCH candidates with multiple aggregation levels for given search space(s), so that link-adaptation is enabled for PDCCH. In order to reduce blind decoding burden, it was proposed to make sure that multiple NR-PDCCH candidates with different aggregation levels share the channel estimation results by the same RS in NR. This can easily be achieved by hierarchical structure of blind decoding candidates. However, hierarchical structure limits the possible NR-PDCCH candidate positions compared to existing search space definition and hence, the blocking probability may be increased.
Figure 2 plots the NR-PDCCH blocking probability as a function of the number of NR-PDCCHs within a control resource set. Total number of NR-CCEs is assumed to be 41 or 84. Blind decoding numbers for each aggregation levels are kept same as in LTE UE-specific search space; 6, 6, 2, 2, for AL=1, 2, 4, 8, with the mapping of blind decoding candidates as in Fig. 3 is assumed. Two sets of probabilities for AL selection of NR-PDCCHs are assumed; one set is AL=1, 2, 4, 8, with the probabilities of 0.6, 0.2, 0.15, and 0.05, and the other set is AL=1, 2, 4, 8, with the probabilities of 0.1, 0.6, 0.2, and 0.1, respectively. From the results, it can be said that hierarchical structure increases NR-PDCCH blocking probability slightly. Further optimization of search space design should be considered if hierarchical structure is adopted.
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Fig. 2	NR-PDCCH blocking probability.
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Fig. 3	Example of hierarchical mapping of blind decoding candidates.

Proposal 2:
· Consider hierarchical mapping of NR-PDCCH blind decoding candidates for different aggregation levels with a way to reduce NR-PDCCH blocking probability.

3. Control resource set
So far, there are two definitions related to NR-PDCCH configurations; one is control resource set and the other is search space. It is FFS whether some parameters related to channel estimation (i.e., transmission/diversity scheme, CCE-to-REG mapping, RS structure, PRB bundling size, etc) should belong to either control resource set or search space. 
We consider that it is straightforward to define that from UE point of view, control resource set and search space is one-to-one mapping (from network point of view it can be one-to-many). For a UE, one or multiple control resource sets can be configured with or without overlapping in time and/or in frequency each other. The UE monitors NR-PDCCH in the search spaces within the control resource sets. This principle is same as in the combination of ‘PRB set’ and ‘search space’ defined for EPDCCH. FFS whether the total number of blind decodes is split into multiple control resource sets. 
For RF bandwidth adaptation, two control resource sets having different control channel bandwidths are monitored; usually the one having narrow bandwidth, and once indicated, the one having wider bandwidth. 
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Fig. 4	RF bandwidth adaptation using control resource sets.

Proposal 3:
· From UE point of view, control resource set and control search space is one-to-one mapping.
· From NW point of view, control resource set and control search space is one-to-many mapping.
· From both UE/NW point of view, control resource sets can overlap.
· Following properties can belong to control resource set.
· Transmission/diversity scheme
· CCE-to-REG mapping
· RS structure
· REG grouping size

4. Conclusion
In this contribution, we discussed NR-PDCCH search space design and reached the following proposals:
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.
· Even UEs supporting only one service may monitor multiple UE-specific search spaces.
· UE may monitor UE-common/UE-specific search spaces on independent monitoring occasions.
· Common search space on every slot or every multiple of slots according to broadcast/SIB 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 of the search spaces simultaneously.
Proposal 2:
· Consider hierarchical mapping of NR-PDCCH blind decoding candidates for different aggregation levels with a way to reduce NR-PDCCH blocking probability.
Proposal 3:
· From UE point of view, control resource set and control search space is one-to-one mapping.
· From NW point of view, control resource set and control search space is one-to-many mapping.
· From both UE/NW point of view, control resource sets can overlap.
· Following properties can belong to control resource set.
· Transmission/diversity scheme
· CCE-to-REG mapping
· RS structure
· REG grouping size
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