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Introduction
[bookmark: _Ref129681832]In the RAN1 NR Ad Hoc meeting [1], the agreement related to search space design is as the following
•   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).
With the agreement, a nested structure of search space is discussed. 
Discussion
As mentioned in the introduction, if the channel estimate can be reused across multiple decodings, the complexity of channel estimation will be reduced. Therefore, in order to minimize the complexity of channel estimation, it intuitively comes to a nested structure of search space. For example, if resources of a search space contain 8 CCEs, it will contain 15 control channel candidates as shown in Fig. 1. With this nested structure, the candidates with different aggregation levels can share the same channel estimate. 
[image: ]
Fig. 1 An example of nested structure of one search space. 
In LTE, the set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space  at aggregation level  is defined by a set of PDCCH candidates. This means one search space is defined for one aggregation level. The nested structure of search space design is quite different from search space design in LTE, and the blocking probability of NR-PDCCH between two UEs is increased because a candidate with an aggregation level will block the nested multiple candidates with different aggregation levels. For example, the search spaces for UE1 and UE2 respectively are overlapped as shown in Fig. 2. When one control channel of UE1 occupies one CCE, 4 candidates for UE2 will be blocked (corresponding to the candidates with the index of {#3 #9 #12 #14}) shown in Fig. 2a. Furthermore, if the control channel of UE1 uses a larger aggregation level, more candidates of UE2 will be blocked. For example, when the control channel of UE1 occupies 4 CCE,  8 candidates for UE2 will be  blocked (corresponding to the candidates with the index of {#4 #5 #6 #7 #10 #11 #13 #14}) shown in Fig. 2b. 
[image: ]
Fig. 2 An example of blocking issues of nested structure.
In order to reduce the number of blocked candidates, the linkage between two candidates with different aggregation levels should be relaxed. It means that the blocking should not impact on candidates of all other aggregation levels. One possible solution is that candidates with lower aggregation levels can be nested sparsely within the resources of candidates with higher aggregation levels. For example, candidates are distributed sparsely within the search space as shown in Fig. 3. When the same resources (e.g. CCE 3 and CCE4/5/6/7 respectively) are occupied by UE1 as shown in Fig.2, the blocked candidates will be {#7} and {#2 #3 #5 #6 #7}. Compared with the previous nested structure, the number of blocked candidates is greatly reduced. Note that the total number of candidates for a given UE is reduced compared with Fig. 1. The number of candidates can be increased by enlarging the resource of the search space, e.g. 16 CCEs.
[image: ]
Fig. 3 A sparsely nested structure of a search space. 
Proposal 1: Sparsely nested structure should be supported to reduce the number of blocked control channel candidates.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the nested structure of search space is discussed. The following proposal is given: 
Proposal 1: Sparsely nested structure should be supported to reduce the number of blocked control channel candidates.
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