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1. Introduction
In this contribution, we discuss the search space design including the views on the nested search space structure and search space design for different DCI format(s). 
2. Search space 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 subsets 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. In order to share the channel estimation results between superset/subset NR-PDCCH candidates with different aggregation levels while to enable precoding/beam-forming for the NR-PDCCH, precoding should be applied per REG-bundle basis [1]; if the precoding/beam-forming is per NR-PDCCH candidate basis, the precoding/beam-forming for PDCCH candidates with lower aggregation level under a specific NR-PDCCH candidate with higher aggregation level is restricted by the precoding/beam-forming applied to the NR-PDCCH candidate with higher aggregation level.
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. 
[image: ]   [image: ]
Fig. 2	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. 3	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.

3. Blind decoding
As discussed in previous meetings, UEs can be configured with multiple CORESETs. Furthermore, different monitoring occasions can be configured for each of the monitored CORESETs/search spaces. It is obvious that the total number of NR-PDCCH blind decodes for a given UE within a certain time instance is limited. In LTE, total number of PDCCH candidates is fixed per subframe, and is shared among PDCCH and EPDCCH set(s) within a subframe. Because of these uncertainty, following questions need to be addressed:
1. Multiple CORESETs/search spaces with different monitoring periodicities can be configured, as shown in Fig.4. How the UE determines the total number of PDCCH blind decodes per monitoring occasion and the number of PDCCH blind decodes per CORESET/search space on each monitoring occasion?
2. Monitoring periodicity of a CORESET can be slot level or mini-slot (symbol(s)) level. How the total number of PDCCH blind decodes is defined?
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Fig. 4	Example of CORESETs configured with different monitoring periodicities.

For the question 1, it is straightforward to define the total number of PDCCH blind decodes the UE can monitor per slot. Besides, additional restriction on the number of PDCCH blind decodes would be necessary. For example, assuming the UE can monitor N PDCCH blind decodes per slot; it does not make sense to allow configuring all N blind decodes at the last symbol of the slot.

For the question 2, generally, the following two options can be considered. 
· [bookmark: OLE_LINK28][bookmark: OLE_LINK29]Option 1: NR-PDCCH candidates allocation is performed based on the total configured CORESET
1. The number of NR-PDCCH candidates assigned to one CORESET is fixed during the configured monitored occasions. 
2. The maximum number of blind decoding would be different due to the fluctuation of monitored CORESETs.
3. gNB shall configure CORESETs such that the total number of NR-PDCCH candidates per monitoring occasion does not exceed a certain limit.
· Option 2: NR-PDCCH candidates allocation is performed based on the actual monitored CORESET in each slot
4. The number of NR-PDCCH candidates assigned to one CORESET would change during the configured monitored occasions. 
5. The maximum number of blind decoding in each slot would be fixed
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Fig. 5	Example of allocating NR-PDCCH candidates based on total number of configured CORESET.
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Fig. 6	Example of allocating NR-PDCCH candidates based on actual monitored CORESET.

Comparing Opt.1 and Opt.2, Opt.1 is quite simple. However, on the other hand, it would restrict the scheduling flexibility and the NR-PDCCH blocking probability may increase accordingly. Opt.2 could fully exploit the scheduling flexibility at the cost of complicated configuration. In our option, which option should be adopted depends on the blind decoding capability. If large number of blind decoding is allowed and reasonable number of NR-PDCCH candidates can be assigned for each CORESET, then increase of NR-PDCCH blocking probability would be marginal. Opt.1 would be preferable in this case. Otherwise, Opt.2 should be considered. 

[bookmark: OLE_LINK31]Proposal 2:
· How to perform the allocation of NR-PDCCH candidates among multiple CORESET with different monitoring periodicities should be investigated. 
4. Conclusion
In this contribution, we discussed search structures and  NR-PDCCH candidates allocation among CORESETs with different periodicities and our views are summarized as follows 
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:
· How to perform the allocation of NR-PDCCH candidates among multiple CORESET with different monitoring periodicities should be investigated. 
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