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1 Introduction
In RAN1 ad hoc#1 meeting, the following agreements related to search space design have been achieved:

· For one UE, the channel estimate obtained for one RE should be reusable across multiple blind decodings involving that RE in at least the same control resource set and type of search space (common or UE-specific).
In RAN1#88 meeting, the following agreements related to ‘Search space design’ have been achieved:
· 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.

· 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
In RAN1 ad hoc#2 meeting:
· For PDCCH blind decoding, at least for the non-initial access, at least the following can be configured:

· Number of PDCCH candidates per CCE aggregation level, per DCI format size that the UE monitors

· Set of aggregation levels

· FFS explicit or implicit configuration

· Set of DCI format sizes

· FFS explicit or implicit configuration

· FFS: per CORESET not used for initial access or search space
· FFS: Signalling details
· Note that the number of candidates can be zero
· UE blind decoding capability is known by NW
· FFS: How the capability is derived
In this contribution, we provide our views on nested search space design.
2 Discussion
It has been agreed that the channel estimate obtained for one RE should be reusable across multiple blind decodings involving that RE in at least the same control resource set and type of search space (common or UE-specific). To meet this requirement, a nested structure of search space[4] was proposed. In the nested structure, a search space with lower aggregation level is included in the search space with higher aggregation level. Therefore, channel estimation with lower aggregation level can be reused by CCE with higher aggregation level. As shown in Figure 1, a typical continuously nested structure of search space. As in LTE, suppose the set of aggregation level is {1,2,4,8}, and the number of PDCCH candidates corresponding to each aggregation level is {6,6,2,2}.
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Figure 1 a continuously nested structure of search space
However, continuously nested structures cause PDCCH blocking, e.g., when PDCCH of UE1 uses CCE0 with a aggregation level of 1, then UE2 will have 4 PDCCH candidates blocked by UE1, as shown in figure 2.
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Figure 2 Illustration of candidates blocking
A sparsely nested structure of a search space[4] helps to reduce the blocking probability. The key is how to design a sparse structure. Although [4] gives a good method, i.e., a search spaces can be grouped according to their aggregation level, however we propose another partially nested structure.
As shown in Figure 3, PDCCH candidates of the search space is not strictly nested, but allows some to be nested. This structure is symmetrical, and when a PDCCH candidate on the left is blocked, UEs can also use a candidate on the right. In addition, in order to reduce the number of PDCCH candidates to be detected in the search space, the number of PDCCH candidates with AL2 is reduced to 4. Therefore, for the set of aggregation level is {1,2,4,8} and the number of PDCCH candidates corresponding to each aggregation level is {6,4,2,2}.
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Figure 3 a partially nested sparse structure of search space
Compare to the structure shown in figure 1, the partially nested sparse structure reduces the blocking probability. As shown in figure 4, when PDCCH of UE1 uses CCE6 with aggregation level 1, for other UEs, only 2 PDCCH candidates are blocked. In addition, CCE6 does not affect PDCCH candidates with other aggregation level. UE2 can be configured with AL4, UE3 can be configured with AL2, UE4 can be configured with AL1, UE5 can be configured with AL8. As a result, 16 CCEs are fully used, and CCE utilization is up to 100%.
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Figure 4 Illustration of PDCCH candidates with a partially nested sparse structure of search space
As a whole, we have the following proposal:
Proposal : A partially nested sparse structure can be considered. In this structure, reducing the number of PDCCH candidates and forming an internal symmetric structure can be considered.
3 Conclusion
In this contribution, a nested search space design in NR-PDCCH is discussed, and we propose that:
Proposal : A partially nested sparse structure can be considered. In this structure, reducing the number of PDCCH candidates and forming an internal symmetric structure can be considered.
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