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Introduction
The NR SI phase concluded with agreements on the basic framework of the NR-PDCCH design including the concept of a control resource set and NR-based definitions of the basic control channel building blocks of a REG and CCE. Regarding search space design, it was agreed that, for one UE, the channel estimate obtained for one RE should be reusable across multiple blind decoding operations involving that RE in at least the same control resource set and type of search space (common or UE-specific). Consequently a hierarchical search space structure was proposed to achieve this objective. 
This contribution presents a performance evaluation comparing a hierarchical search space structure to the LTE search space. 
Discussion
A search space defines how a UE determines the location of control channel candidates for a given aggregation level (AL). In LTE each search space is defined independently for each AL. Figure 1 depicts an example of an LTE UE-specific search space for ALs 1 – 8 given a PDCCH capacity of 17 CCEs. For larger PDCCH capacity it can be shown that more degrees of freedom appear between candidates of different ALs.
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[bookmark: _Ref481582128]Figure 1: Example of an LTE UE-specific search space for PDCCH capacity = 17CCEs

NR channel estimation is based on DMRS transmitted within a NR-PDCCH candidate compared to LTE where channel estimation is based on wideband CRS and is independent of specific PDCCH candidates. To minimize the channel estimation complexity in NR, candidates can be mapped according to a tree-like (hierarchical) structure such that candidates of a lower AL are derived from a candidate (parent node) of a higher AL as shown in Figure 2. With such a tree-like structure, once a control channel candidate of a given AL is selected, all child candidates of lower ALs are blocked for other users with overlapping search spaces. It can be observed in Figure 2 that increasing the NR-PDCCH capacity would not reduce blocking experienced by users with overlapping search spaces as all candidates are tied to the parent nodes at AL8.
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[bookmark: _Ref478030907]Figure 2: Hierarchical search space mapping in physical domain

We provide a preliminary comparison of the blocking probability between the LTE search space and the hierarchical search space. Since the NR-PDCCH design is incomplete, we use the LTE PDCCH structure with [6 6 2 2] candidates for AL = [1 2 4 8] respectively. The system configuration is 20 MHz, PHICH factor Ng = 1 and CFI = 1 – 3 symbols. The hierarchical search space is defined such that candidates for each AL start at the same CCE index corresponding to the starting CCE index of the first candidate of AL8. The LTE randomization function between subframes of a radio frame is used for both search space designs. The blocking probability is shown in Figure 3 for different AL distributions of UE geometry based on LTE system level evaluations [1], [2]. The number of users (or equivalently number of PDCCH allocations) is varied to observe the trend as more users are added to the scheduling queue.
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[bookmark: _Ref478031348]Figure 3 Comparison of blocking probability for LTE and hierarchical search spaces with different AL distributions
Some preliminary observations/conclusions that can be drawn from Figure 3 are:
· As expected the blocking probability is higher for the hierarchical search space compared to the LTE design.
· For CFI = 1, which is equivalent to a small NR control resource set, blocking probability is similar for both schemes but starts to increase for the hierarchical search space as the number of users increases.
· For CFI = 2 and 3, there is a slightly larger blocking probability compared to CFI = 1. One reason for this is that the hierarchical design limits scheduling flexibility as it does not take advantage of the increased number of CCEs given the fixed starting position.
· Given that a search space is associated with a configured control resource set and control resource sets of different capacities may be configured for a UE, it is not clear that any optimization is needed for hierarchical search space. Moreover, the increase in blocking probability is significantly less than an order of magnitude.
Proposal 1: 
· A hierarchical search space can be supported at least for localized mapping of candidates to physical resources. 
· It is FFS whether optimization of the basic hierarchical design is needed to reduce the blocking probability
For distributed PDCCH-to-CCE mapping it should be possible to reuse the hierarchical concept such that channel estimation performed on REs for a lower AL candidate can be reused by candidates of a higher AL. This exact mapping would depend on the PDCCH-to-CCE mapping function.
Several aspects of the NR-PDCCH structure are yet to be finalized including CCE-to-REG and PDCCH-to-CCE mapping. Therefore, although the preliminary evaluations shown in this contribution are a useful starting point, more evaluations are required when the NR-PDCCH design is more mature. 

Proposal 2: further progress is required on the NR-PDCCH structure for more comprehensive evaluation of NR search space structure.

Conclusion
This contribution analyzed performance in terms of blocking for a basic hierarchical search space design compared to LTE search space.  We propose that:
1) Proposal 1: A hierarchical search space can be supported at least for localized mapping of candidates to physical resources. 
a. It is FFS whether optimization of the basic hierarchical design is needed to reduce the blocking probability
2) Proposal 2: further progress is required on the NR-PDCCH structure for more comprehensive evaluation of NR search space structure
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