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1	Introduction
In this contribution, we discuss remaining open issues on NR DL control channel structure.
· DMRS sequence generation and initialization for NR DL control channel
· Frequen-first CCE-to-REG mapping support in multi-symbol CORESET

2	DMRS for NR DL control channel
2.1	DMRS Scrambling
The following agreement was made during RAN1#90bis regarding PDCCH DMRS sequence initilization.
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 

For DMRS initialization for NR PDCCH, in case wideband DMRS is configured for a CORESET, DMRS needs to be shared for all the search spaces within the CORESET regardless of CSS and UESS. When wideband DMRS is not configured for a CORESET, DMRS initialization for CSS and UESS can be based on different IDs within the same CORESET. 
For CSS in initial CORESET configured by PBCH, DMRS should be initialized by Cell ID for fallback operation. In NR, CSS should be reconfigurable. This should be useful especially with a wideband CC with multiple BWPs. For a reconfigured CSS, it can be based on Cell ID or a configured virtual ID. Some fallback mechanism from a reconfigured CSS to initial CSS should be discussed.
For UESS, it can be based on UE ID or configured virtual ID.
[bookmark: _Hlk498644460]Proposal 1: DMRS initialization for each SS is as follows:
· For CSS in initial CORESET configured by PBCH, DMRS is initialized by Cell ID
· For a reconfigured CSS, DMRS is initialized by Cell ID or a configured virtual ID
· For UESS, DMRS is initialized by UE ID or a configured virtual ID
Proposal 2: CSS can be UE-specifically RRC reconfigured to a new CSS. Fallback mechanism from the reconfigured CSS to initial CSS should be introduced.
Observation 1: In case wideband DMRS is configured for a CORESET, DMRS needs to be shared for all the search spaces within the CORESET regardless of CSS and UESS. When wideband DMRS is not configured for a CORESET, DMRS initialization for CSS and UESS can be based on different IDs within the same CORESET. 
For actual DMRS sequence generation, the detailed equation is discussed in [1].
2.2	DMRS Sequence Generation
The following agreement was made during RAN1#90bis regarding PDCCH DMRS sequence.
 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
The reference point to which DMRS sequence is generated is FFS. The main issue is whether to define DMRS sequence local to each CORESET or to define globally with respect to a common reference point. Given DMRS sequence is initialized per CORESET, there is not much incentive to define the DMRS sequence to a common reference point.
Proposal 3: DMRS sequence for NR PDCCH is obtained according to the lowest RB in the CORESET.

2	Frequency-first CCE-to-REG mapping with multi-symbol CORESET
[bookmark: p2][bookmark: p3]Frequency-first CCE-to-REG mapping is naturally supported with a single symbol CORESET. This was one of main reasons not to support frequency-first CCE-to-REG mapping with multi-symbol CORESET, since NW always has the flexibility to configure a single symbol CORESET to achieve frequency-first mapping. The benefit of frequency-first CCE-to-REG mapping is the easier resource reuse for data when the smaller AL was used. In addition, given the frequency-first CCE-to-REG mapping is agreed for a single symbol CORESET, the multiplexing CORESETs can be more straightforward when there is a need to multiplex a single symbol CORESET and multi-symbol CORESET. Therefore, we can still allow the support of frequency-first mapping with multi-symbol CORESET. Given it was also agreed that DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate, it is quite straightforward to adopt frequency-first mappingto better utilize later symbols in the CORESET. For REG bundling size, the same REG bundling size as the case of 1-symbol CORESET can be adopted.
Proposal 4: Frequency-first CCE-to-REG mapping is also supported with multi-symbol CORESET.
Proposal 5: REG bundling size = 2 and 6 are supported with frequency-first CCE-to-REG mapping for multi-symbol CORESET.
3	Conclusions 				
In this contribution, we have discussed remaining open issues for PDCCH structure and have made the following proposals and observations:
Proposal 1: DMRS initialization for each SS is as follows:
· For CSS in initial CORESET configured by PBCH, DMRS is initialized by Cell ID
· For a reconfigured CSS, DMRS is initialized by Cell ID or a configured virtual ID
· For UESS, DMRS is initialized by UE ID or a configured virtual ID
Proposal 2: CSS can be UE-specifically RRC reconfigured to a new CSS. Fallback mechanism from the reconfigured CSS to initial CSS should be introduced.
Observation 1: In case wideband DMRS is configured for a CORESET, DMRS needs to be shared for all the search spaces within the CORESET regardless of CSS and UESS. When wideband DMRS is not configured for a CORESET, DMRS initialization for CSS and UESS can be based on different IDs within the same CORESET. 
Proposal 3: DMRS sequence for NR PDCCH is obtained according to the lowest RB in the CORESET.
Proposal 4: Frequency-first CCE-to-REG mapping is also supported with multi-symbol CORESET.
Proposal 5: REG bundling size = 2 and 6 are supported with frequency-first CCE-to-REG mapping for multi-symbol CORESET.
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