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1. Introduction
In RAN1 #90bis, the following agreements for PDCCH structure were achieved [1]:

Agreements:

· Support for a UE, configurable ID for PDCCH DMRS at least for the initialization of DMRS sequence/scrambling.

· FFS: whether this is used also for other purpose.

· FFS details including the applicability of configurable ID 

Agreements:

· NR support the following interleaver

· The number of rows A configured from {2, 3, and 6}, and the number of columns (P/A), where P is the number of interleaving unit for the given CORESET, and write in the row and read in the column

· No any further permutation is introduced

· Cyclic shift of the interleaving unit is applied based on the configurable ID which is independent parameter from the configurable ID for DMRS

Agreements:

· Confirm the WA: DMRS is evenly distributed within a REG

· DMRS REs are #1, #5, #9

Agreements:

· DMRS sequence is a Gold sequence as in LTE

· Note: in case if new Gold sequence is introduced for NR, this would be revisited

· DMRS sequence for NR-PDCCH is obtained according to a reference point in frequency domain.

· FFS the reference point

Agreements:

· Confirm the WA with the following clarifications (in red):

· For each CORESET, precoder granularity in frequency domain is:

· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET

· For ii), DMRS is mapped over all REGs within CORESET.

· RAN1 assumes that CORESET for PDCCH scheduling RMSI can be configured with Option i)

· In Option ii) UE may assume DMRS is present in all REGs within the set of contiguous RBs of the CORESET where and when at least one REG of a candidate is mapped.
An email discussion [90b-NR-22] about the number of blind decoding for PDCCH was triggered after the meeting. In this contribution, we continue the discussion of PDCCH blind decoding.
2. Discussion
2.1. Number of blind decoding for non-CA and slot-based scheduling
In LTE, the maximal number of PDCCH blind decoding is 44 per subframe (1ms). Different subcarrier spacing can be supported in NR, such as 15/30/60/120 kHz. We propose that the maximal number of blind decoding per 1ms is the same as LTE. Therefore, the maximal number of blind decoding in NR per slot is 44 for 15kHz subcarrier spacing, and scaled accordingly for other subcarrier spacing cases. 
Proposal 1: 

· In NR, the maximal number of PDCCH blind decoding per 1ms for non-CA and slot-based scheduling is the same as LTE. The maximal number of PDCCH blind decoding per slot for other subcarrier spacing is scaled accordingly.

2.2. Number of blind decoding for non-CA and non-slot-based scheduling
Both slot based and non-slot based scheduling are supported in NR. In non-slot based scheduling, the number of OFDM symbols that a PDCCH can schedule is 2, 4 or 7. We think that non-slot based scheduling requires higher processing capability for UE, which can be seen as an additional UE capability. If UE can report to gNB that non-slot based scheduling is supported, larger number of blind decoding for PDCCH monitoring per slot can be supported.
Proposal 2: 

· Non-slot based scheduling can be seen as an additional UE capability

· Larger number of blind decoding per slot can be supported if UE can report its non-slot based scheduling capability.

2.3. Number of blind decoding for CA 
Up to 16 carriers are supported in NR CA. The maximal number of blind decoding can increase with the number of carriers. While we think that there should be an upper limit for the maximal number of blind decoding, which corresponds to a specific number of carriers, such as N carriers. That can be seen as default capability for each UE. Whether more carriers can be supported depends on UE capability. UE can report how many carriers it can support to gNB so that gNB can configure corresponding number of blind decoding for PDCCH monitoring. 
Proposal 3:

· The maximal number of PDCCH blind decoding increases with the number of carriers within N carriers, which can be seen as a default UE capability.
· For more carriers, UE can report the number of carrier that it can support to gNB to assist gNB’s scheduling.

One thing to be clarified in CA is what it does N carriers means. For example, if a UE supports up to 5 DL CCs and up to 1 UL CC, is it N=6 or N=5?
Generally, there are three different ways on how to count the value N
· Opt.1: N = sum of DL CCs + UL CCs

· Opt.2: N = max(DL CCs, UL CCs)

· Opt.3: N is calculated by the following:

· For a CC whose DL DCI and UL DCI share PDCCH BDs, this CC counts up 1.

· Otherwise, the CC counts up 2.

Considering LTE FDD system, which corresponds one DL carrier and one UL carrier. The number of PDCCH blind decoding is shared for DL DCI and UL DCI and the number of carrier is counted as 1. If the number of blind decoding of DL DCI and UL DCI are not shared, there are separate number of blind decoding for DL DCI and UL DCI. The number of carrier should be counted as 2. Therefore, we support option 3.

Proposal 4: The number of carrier N is calculated by the following:

· For a carrier whose DL DCI and UL DCI share PDCCH BDs, this CC counts up 1.

· Otherwise, the carrier counts up 2.

3. Conclusions
In this contribution, maximal number of blind decoding in different scenarios is discussed. The following proposals are given based on the analysis.
Proposal 1: 

· In NR, the maximal number of PDCCH blind decoding per 1ms for non-CA and slot-based scheduling is the same as LTE. The maximal number of PDCCH blind decoding per slot for other subcarrier spacing is scaled accordingly.

Proposal 2: 

· Non-slot based scheduling can be seen as an additional UE capability

· Larger number of blind decoding per slot can be supported if UE can report its non-slot based scheduling capability.

Proposal 3:

· The maximal number of PDCCH blind decoding increases with the number of carriers within N carriers, which can be seen as a default UE capability.

· For more carriers, UE can report the number of carrier that it can support to gNB to assist gNB’s scheduling.

Proposal 4: The number of carrier N is calculated by the following:

· For a carrier whose DL DCI and UL DCI share PDCCH BDs, this CC counts up 1.

· Otherwise, the carrier counts up 2.
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