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

2. Search space designs
2.1. Hierarchical structure
Like in LTE, UE shall monitor PDCCH candidates with multiple aggregation levels for given search space(s) of control resource set(s), so that link-adaptation is enabled for PDCCH. In order to reduce blind decoding burden on the UE, it was proposed to adopt hierarchical search space structure. In this concept, CCEs for NR-PDCCH candidates for non-maximum aggregation levels are subset of those for NR-PDCCH candidates for maximum aggregation level. By setting this, channel estimation results for the NR-PDCCH candidates for maximum aggregation level can be reused for demodulating NR-PDCCH candidates for non-maximum aggregation levels.
Figure 1 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. NR-PDCCH candidates with AL=8 are determined by using UE-specific hashing function as in LTE, while NR-PDCCH candidates with the other ALs are mapped from the first CCE of the first NR-PDCCH candidate of AL=8. 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. 
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Fig. 1	NR-PDCCH blocking probability.

In order to reduce blocking probability, NR-PDCCH candidates other than those with the maximum aggregation level can be randomized in UE-specific manner, so that the randomization results can still be mapped with the hierarchical structure. The randomization details can be further discussed taking into account blocking probability, affinity with precoder-cycling/random-BF, etc. At least, UE-specific randomization for AL=8 candidates mapping, and UE-specific randomization for AL=1, 2, and 4, among the candidates below AL=8 should be adopted.
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Fig. 2	Example of Hierarchical search space structure with further randomization.

Proposal 1:
· Candidates with the maximum AL are mapped according to a hashing function A.
· Hashing function A could be the same as LTE (for both common SS and UE-specific SS).
· Candidates with non-maximum ALs are mapped as following:
· Candidates of a given non-maximum AL are mapped under the candidates with the maximum AL.
· Candidates of a given non-maximum AL are distributed using a hashing function B.
· For common search space, the hashing function B is common among the monitoring UEs. 
· For UE-specific search space, the hashing function B is UE-specifically determined.

2.2. Search space design for multiple beams
NR support the operations where multiple beams are used. At the RAN1 AH January meeting, following agreements have been made:
	Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.
· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 
· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).
· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design
· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE



Search space design should ensure following four operations for NR-PDCCH monitoring over multiple beams.
· UE-specific beam-forming/precoding for different NR-PDCCHs mapped on an OFDM symbol.
· Beam-cycling/precoder-cycling for a NR-PDCCH spanning over an OFDM symbol.
· UE-specific beam/forming/precoding for different NR-PDCCHs mapped on different OFDM symbols.
· Beam-cycling/precoder-cycling for a NR-PDCCH spanning over multiple OFDM symbols.
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Fig. 3	NR-PDCCH monitoring with multiple beams.

Control resource set should be defined such that the NR-PDCCH monitoring over multiple beams illustrated in Fig. 3 is efficiently supported.  
Proposal 2:
· NR-PDCCH search space and control resource set are designed such that:
· Candidates can span one or multiple OFDM symbols for a given PDCCH monitoring region.
· Candidates can span one or multiple local bandwidths for a given PDCCH monitoring region.
· UE should be able to monitor these NR-PDCCH candidates at a given monitoring occasion.

3. Conclusion
In this contribution, search space design is discussed and the following proposals are achieved:
Proposal 1:
· Candidates with the maximum AL are mapped according to a hashing function A.
· Hashing function A could be the same as LTE (for both common SS and UE-specific SS).
· Candidates with non-maximum ALs are mapped as following:
· Candidates of a given non-maximum AL are mapped under the candidates with the maximum AL.
· Candidates of a given non-maximum AL are distributed using a hashing function B.
· For common search space, the hashing function B is common among the monitoring UEs. 
· For UE-specific search space, the hashing function B is UE-specifically determined.
Proposal 2:
· NR-PDCCH search space and control resource set are designed such that:
· Candidates can span one or multiple OFDM symbols for a given PDCCH monitoring region.
· Candidates can span one or multiple local bandwidths for a given PDCCH monitoring region.
· UE should be able to monitor these NR-PDCCH candidates at a given monitoring occasion.
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