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Introduction
[bookmark: _Ref129681832]In the RAN1 NR Ad Hoc meeting [1], the following agreement related to search space design was 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 order to meet the requirement from the above agreement, a nested search space structure is promising. The contribution discusses the design for nested search space structure for NR-PDCCH. 
Discussion
Nested structure of search space
For the PDCCH in LTE, a UE will monitor multiple PDCCH candidates each subframe, where a PDCCH is constructed by consecutive L CCEs which only start on a CCE fulfilling i mod L = 0, where i is the CCE number. A search space S(L) is defined as a set of PDCCH candidates with a given aggregation level L ∈{1,2,4,8}. The number of PDCCH candidates for each aggregation level is predefined as M(L), for example, for UE-specific search spaces M(L)∈{6,6,2,2}. When a UE monitors UE-specific search spaces with aggregation level L= 4, the number of PDCCH candidates is M(L)= 2 correspondingly. 
In order to reduce candidates blocking due to the overlapping CCEs of different search spaces, the start position of a search space is changes according to C-RNTI and aggregation level as shown in Fig. 1. 
[image: ]
Fig. 1. Example of UE-specific search spaces in LTE.
On the other hand, as mentioned in the introduction, channel estimation should be reused as much as possible to reduce the complexity of blind decoding. Therefore, search spaces overlapp with each other as much as possible. Accordingly, the start position of different search spaces should be related with each other, thus the search space with larger AL may contain CCEs of PDCCH candidates with lower aggregation level. One example is shown in Fig. 2, the start position of all aggregation levels are aligned with each other, i.e. continuously nested search space structure. 
[image: ]
Fig. 2. Continuously nested structure of search space.
When the start positions are aligned with each other, the blocking probability will be increased. As shown in Fig. 2, there exists a high blocking region where one occupied CCE will block multiple candidates with different aggregation levels. As an example, if UE1’s search spaces are given in Fig. 2 and a PDCCH candidate of UE2 occupies CCE#3, there are 4 PDCCH candidates of UE2 are blocked as shown in Fig. 3. In addition, according to the evaluation as discussed in section 2.2, the continuously nested structure of search space increases block probabilities compared with LTE PDCCH as shown in Fig. 6. 
[image: ]
Fig. 3. Illustration of candidates blocking.
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. The pattern of PDCCH candidates within a search space is different among UEs. For example, candidates are distributed sparsely within the search space as shown in Fig. 4. The number of correlated PDCCH candidates is reduced compared with Fig. 2.
[image: ]
Fig. 4. Sparsely nested structure of a search space.
Furthermore, search spaces can also be grouped according to their aggregation level. The sparsely nested structure is applicable within each group of search space as shown in Fig. 5. The channel estimation can be reused by different PDCCH candidates within each group,
[image: ]
Fig. 5. Group-based sparsely nested structure of search space.
Blocking probability comparison
In order to compare the blocking probability of the designs discussed in section 2.1 for nested search space, evaluation is performed and discussed in this section.  In the evaluation, the total number of CCEs is assumed to be 64 or 128. The number of PDCCH candidates of search spaces keeps the same as UE-specific search spaces in LTE, M(L) = {6,6,2,2} for aggregation level L = {1,2,4,8}. The probability for aggregation selection is assumed to be {0.1, 0.6, 0.2, 0.1}. Since the scheduling order of PDCCH is mainly determined by information of the data transmission (e.g. proportional-fairness scheduler), the scheduling order of those aggregation levels is random. The average blocking probabilities of three search space structures are shown in Fig. 6. 
In Fig. 6, as the average number of UEs increases, the blocking probability gradually increases. When the continuously nested structure of search space is employed, the blocking probability increases compared with LTE benchmark, since a high blocking region always exists in the continuously nested search space structure. On the other hand, when sparsely nested structure of search space is employed, the average blocking probability is reduced. Compared with the continuously nested structure of search space, there is almost 2% reduction of the blocking probability. Moreover, the blocking probability of sparsely nested structure of search space also slightly lower than LTE benchmark. 
[image: ] 
Fig. 6. The average blocking probabilities of different search space structures.
Observation 1: Sparsely nested structure of search space has lower blocking probability compared with continuously nested structure of search space.
Proposal 1: When a search space with higher aggregation level contains the search space with lower aggregation level, the PDCCH candidates of search space with lower aggregation level should be located non-contiguously.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the nested structure of search space is discussed. Based on the above discussion, we have the following observation and proposal: 
Observation 1: Sparsely nested structure of search space has lower blocking probability compared with continuously nested structure of search space.
Proposal 1: When a search space with higher aggregation level contains the search space with lower aggregation level, the PDCCH candidates of search space with lower aggregation level should be located non-contiguously.
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