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1. Introduction
In this contribution, we will 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. 
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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. Search space design for different DCI format
In LTE system, usually UEs will monitor at least two DCI payloads for a given search space. One payload size comes from DCI format 1A and DCI format 0 which have the same DCI size and another payload size comes from DCI format depending on the transmission scheme. DCI format 1A is mainly utilized to provide some fallback support. For example, during the transmission scheme reconfiguration period, DCI format 1 A can be used for the DL scheduling. 

In NR, various transmission schemes (e.g., higher order MIMO, diversity, beam-forming, etc), scheduling mechanisms/granularities (e.g., self/cross-slot scheduling or scheduling much shorter than a slot in time-domain, very wide bandwidth or one or a few PRBs in frequency-domain, etc), various services (e.g., eMBB and URLLC), and various functions (e.g., beam recovery, bandwidth adaptation, group-common PDCCH, UL grant-free transmission, CBG-based (re)transmission, etc), are supported, and a UE may be configured with more than one of them. Besides, it is still important to ensure fallback type of DCI, which has lower payload irrespective of the UE-specific configurations. If one DCI format having one payload size can cover all the cases, it is highly beneficial for UE to reduce blind decoding efforts. However, this way would result in some redundant bits transmission especially when the sizes of monitored DCI formats differs significantly, and many fields need to be re-interpreted depending on the configuration. Thus, it is preferable and straightforward to define multiple DCI formats having different DCI payload sizes, and then a UE is required to monitor at least two DCI payload sizes for each PDCCH monitoring occasion. 

In LTE, different DCI format/size would share the same search space configuration e.g., same aggregation level and number of blind decoding candidates. However, considering for DCI formats with different payload size would require different aggregation levels to satisfy the 1% BLER requirement under specific SINR situation, configuring different aggregation levels configuration should be considered for different DCI formats. In addition, the possibility of different DCI formats differs significantly as well. For example, the possibility of using DCI format supporting MIMO schemes is much higher than that of the fallback DCI. In this case, there is no need to configure the same number of blind decoding candidates for all monitored DCI formats. Considering these reasons, it is reasonable to configure different aggregation level and/or different blind decoding candidates for a given aggregation level for different DCI formats. Figure 3 shows two examples of supporting different aggregation level or blind decoding candidates for different DCI formats based on the LTE search space. In the example 1, blind decoding is reduced due to some aggregation level and blind decoding candidates for a given aggregation are reduced for each DCI format. In example 2, the total number of blind decoding is maintained, while more potential candidates are shifted to the DCI formats used with high possibility, thereby the overall blocking probability can be reduced accordingly. 
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Fig. 3	Example of  NR SS for different DCI formats
Proposal 2:
· Different DCI formats are supported in NR
· For one PDCCH monitoring occasion, at least two DCI payload sizes should be monitored 
· Different aggregation level can be configured for different DCI formats 
· For one given aggregation level, different number of candidates can be configured for different DCI formats
4. Conclusion
In this contribution, we discussed search space designed related issues. 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:
· Different DCI formats are supported in NR
· For one PDCCH monitoring occasion, at least two DCI payload sizes should be monitored 
· Different aggregation level can be configured for different DCI formats 
· For one given aggregation level, different number of candidates can be configured for different DCI formats
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