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1. Introduction

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

Agreements:
· Working assumptions are confirmed with the following details.

· For 1/2/3-symbol CORESET, REG bundle size of 6 is supported.

· A REG bundle size is as part of CORESET configuration for a CORESET configured by UE-specific higher-layer signalling.

· FFS: CORESET(s) configured by non UE-specific signaling.

· UE assumes that precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

· FFS: gNB can inform to the UE whether or not to assume the same precoder over multiple REG bundles.

· Note: more than one CORESET(s) with the UE-specific higher-layer signaling can be configured for the same UE
Agreements:
· Interleaving operates on REG bundles
· FFS: interleaving in the case if and when gNB informs to the UE to assume the same precoder over multiple REG bundles
Agreements:
· For interleaving CORESET, the interleaving pattern is derived by the CORESET configuration and is not dependent on other CORESET configuration.
· Note: 

· Following metrics can be considered

· Good frequency distribution of REG bundles within the CORESET

· Blocking probability for potential overlapped CORESET(s)

· Inter-cell/inter-TRP interference randomization

Agreements:
· DMRS density for a CORESET is down-selected between 1/3 or 1/4.

· FFS: need of additional DMRS density.

· Sequence, density, and applicability of MU-MIMO is still under discussion
Agreements:
· The CORESET used to schedule the PDSCH containing the RMSI can be configured to contain also UE-specific PDCCH(s)
In this contribution, we discuss remaining issues of PDCCH structure, such as CORESET configuration for non UE-specific PDCCH, interleaving structure.
2. REG bundle size configuration
It was confirmed that the REG bundle size of 6 is supported size for 1/2/3 symbol CORESET, and it can be taken as part of CORESET configuration for a CORESET configured by UE-specific higher-layer signaling. While CORESET(s) configured by non UE-specific signaling is still FFS. 

For a CORESET configured by non UE-specific signaling, such as group common PDCCH, or a CORESET which is used to schedule PDSCH containing RMSI, it is shared by more than one UE. There are two options for the REG bundle size configuration.

· Option 1: A fixed REG bundle size is configured for the CORESET

· Option 2: The REG bundle size can be configured by broadcast information, such as SIB. gNB can semi-statically configure this parameter. Compared to option 1, option 2 has the benefit that gNB has the flexibility to configure suitable REG bundle size considering different factors.

Proposal 1: 

· For non UE-specific CORESET configuration, the REG bundle size can be fixed or semi- statically configured by gNB.
3. Interleaving structure of REG bundle

Interleaving can provide frequency diversity. It was agreed that interleaving operates on REG bundles. A PDCCH composed of multiple REG bundles will be distributed in frequency domain within the CORESET by interleaving. It is possible that two CORESETs are partially overlapped. In this case, interleaving can alleviate interference. 
Figure 1 shows an example that two CORESETs are partially overlapped. If a PDCCH of CORESET 2 occupies CCE 0-3, it is possibly interfered by PDCCH in CORESET 1, which will affect its decoding performance. If interleaving is applied, the CCEs of PDCCH can be distributed within CORESET 2 and the interference from CORESET 1 can be alleviated.
Observation 1: Interleaving applied to CORESET can alleviate interference among CORESETs.
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Figure 1 Blocking probability reduction of PDCCH with interleaving
To achieve better frequency diversity, an interleaving needs to be standardized so that the REG bundles of PDCCH can be distributed as much evenly as possible in frequency domain. 
The sub-block interleaver of turbo coding rate matching operation [2] can be taken as a candidate scheme. Figure 2 shows an illustration of CORESET with interleaver. The CORESET occupies 3 OFDM symbols, and the REG bundle size is 3. The interleaver operates on frequency domain based on REG bundle granularity. A PDCCH candidate is evenly distributed within the CORESET. 
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Figure 2 Illustration of interleaver for PDCCH
Proposal 2: 
· Interleaving is applied to CORESET to obtain frequency diversity.
· Existing interleaver used for LTE PDCCH can be taken as candidate interleaver scheme for NR PDCCH.
4. Conclusions
In this contribution, some aspects on PDCCH remaining issues are discussed and our views are summarized as follows
Observation 1: Interleaving applied to CORESET can alleviate interference among CORESETs.

Proposal 1: 

· For non UE-specific CORESET configuration, the REG bundle size can be fixed or semi- statically configured by gNB.
Proposal 2: 

· Interleaving is applied to CORESET to obtain frequency diversity.
· Existing interleaver used for LTE PDCCH can be taken as candidate interleaver scheme for NR PDCCH.
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