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Introduction
In RAN1 #87, the discussion on “Physical downlink control channel” was done and the followings were agreed[1]. 
Agreements:
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling
· Other solution is not precluded

Agreements:
· The reference signals in at least one search space do not depend on the RNTI or UE-identity
· FFS: The reference signals in at least an additional search space do not depend on the RNTI or UE-identity
· FFS: For one UE, there is the case the channel estimate obtained for one RE is reusable across multiple blind decodings involving that RE
· In an additional search space, reference signals can be configured, FFS: explicitly or implicitly

Agreements:
· At least for single-stage DCI design:
· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information
· The PRBs may or may not be frequency contiguous
· A UE may have one or more control resource sets
· Working assumption: One DCI message is located within one control resource set
· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel

The UE needs to blindly decode downlink control information in search spaces like LTE. However, it is desired to reduce the processing load on blind decoding in NR as already proposed in some contributions[2][3]. Therefore, we also discuss and propose how to reduce it in this contribution.
Discussion
RAN1 recognizes the necessity of blind decoding by a UE to detect downlink control information to the UE. In LTE, the number of PDCCH candidates for one UE is large due to several aggregation levels and DCI formats. In NR, PDCCH might be multiplexed with SDM so that the number of PDCCH candidates becomes larger. Therefore, the motivation of reducing the processing load in UE becomes strong. The reduction is needed from the short processing time point of view as well.
One simple way to reduce the processing load is to introduce a nested structure into PDCCH allocation. The example is shown in figure 1.
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Figure 1: Nested structure of aggregation level
In the case of nested structure, the start point of CCE blocks composing a PDCCH is limited in each aggregation level, unlike in LTE. Therefore, it has less flexibility than one in LTE from the PDCCH allocation point of view. However, this proposed structure is effective for the UE to reduce its processing load because the CCE to decode is overlapped between aggregation level 2^n and 2^(n+1). 
Proposal 1: Nested structure of aggregation level should be supported.

When we consider possible one-symbol control channel area and many UEs scheduled with FDM/SDM in one slot/mini-slot, the control channel area capacity for PDCCH might not be enough. In such case, SDM of PDCCH is effective. Further, in case of SDMed PDCCH, it is effective to reduce the processing load in the UE that the reference signal in additional search space is tied with the RNTI or UE-identity because the UE can focus on decoding of PDCCH associated with the UE specific reference signal.
Proposal 2: The reference signal in additional search space is tied with the RNTI or UE-identity.

For reducing the processing load in the UE, it is also effective to limit the number of DCI sizes to a few. In this case, DCI format indicator is needed for the UE to distinguish several DCI formats; DL assignment, UL grant, etc. The figure 2 shows an example of DCI format. This is useful to reduce the number of candidates for blind decoding. It is the best case if only one DCI size is defined. However, we firstly need to study what message should be in DCI and the number of bits in each message.
Proposal 3: Limited number of DCI sizes and DCI format indicator should be supported.
· FFS: The number of DCI sizes
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Figure 2: Example of DCI format

Conclusion
In this contribution, we discussed and proposed how to reduce the processing load of blind decoding in the UE.
Proposal 1: Nested structure of aggregation level should be supported.
Proposal 2: The reference signal in additional search space is tied with the RNTI or UE-identity.
Proposal 3: Limited number of DCI sizes and DCI format indicator should be supported.
· FFS: The number of DCI sizes
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