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1	Introduction
In RAN1 #89, the following agreements were made related to PDCCH structure for NR:
Agreements:
· CCE = 6 REGs (confirm Working Assumption)
· One of following is configured for REG-to-CCE mapping for a 1-symbol CORESET:
· Opt.1: No interleaving – 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are consecutive
· CCE(s) of one PDCCH is/are also consecutive
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: down selection among {2}, {3}, {2,3}, {2,6}, {3,6}, {2,3,6}
· Note: UE can assume the same precoder within a REG bundle
· For REG-to-CCE mapping for a CORESET with more than 1-symbol;
· REG bundle is defined in time and frequency-domain
· At least support following:
· Time-first mapping where one of the following is configured
· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration
· Opt.1: Non interleaving - 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are time and frequency localized
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: time-domain precoder-cycling
· Support REG bundle in time-4domain being equal to 1 symbol, or;
· Support following:
· REG-to-CCE mapping is exactly same as the case where a CORESET with 1 symbol
· A PDCCH candidate can be mapped across OFDM symbols
In RAN1 NR-AH#2, the following agreements were further made.
Agreement:
For a 1-symbol CORESET with interleaving, 
· At least REG bundle size = 2 is supported
· Working assumption:
· REG bundle size = 6 is also supported 
· FFS whether configuration between 2 and 6 is explicit or implicit
· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
For a 2 or 3 symbol CORESET with interleaving, 
· At least REG bundle size = CORESET length is supported
· Working assumption:
· REG bundle size = 6 is also supported 
· FFS whether configuration between CORESET length and 6 is explicit or implicit
· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
(Note: REG bundle size = REGs in frequency domain x symbols in time domain)
In this contribution, we discuss remaining open issues and provide our view.
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 1: Frequency-first CCE-to-REG mapping is also supported with multi-symbol CORESET.
Proposal 2: REG bundling size = 2 and 6 are supported with frequency-first CCE-to-REG mapping for multi-symbol CORESET.
3	Aggregation level
With introduction of 1/2/3-symbol length CORESET with time first mapping, we need to carefully consider multiplexing issue of different length CORESETs. Figure 1 shows the dimension of CCE for 1/2/3 symbol CORESETs. REG bundle size = 6 is used for all the cases. It is observed that 1 CCE for a 1 symbol CORESET spans 2 CCEs for a 2 symbol CORESET and 3 CCEs for a 3 symbol CORESET in frequency domain. For aggregation level (AL), 2^n AL is being considered similar to LTE, i.e., 1, 2, 4, 8, and etc.. This might be fine when we only consider 1 symbol CORESET and 2 symbol CORESET but it becomes tricky when we have 3 symbol CORESET together with 1 or 2 symbol CORESET. Therefore, it is proposed to consider different AL for a 3 symbol CORESET, i.e., AL = 1, 3, 6, 12 instead of 1, 2, 4, 8.
Proposal 3: For 1-symbol and 2-symbol time first CORESET, the aggregation level of 1, 2, 4, 8 is adopted. For a 3-symbol time first mapping CORESET, the aggregation level of 1, 3, 6, 12 is adopted. A larger aggregation level is FFS.
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Figure 1: Dimension of CCE for 1/2/3 symbol CORESETs

4	Conclusions 				
In this contribution, we have discussed remaining open issues for PDCCH structure and have made the following proposals:
Proposal 1: Frequency-first CCE-to-REG mapping is also supported with multi-symbol CORESET.
Proposal 2: REG bundling size = 2 and 6 are supported with frequency-first CCE-to-REG mapping for multi-symbol CORESET.
Proposal 3: For 1-symbol and 2-symbol time first CORESET, the aggregation level of 1, 2, 4, 8 is adopted. For a 3-symbol time first mapping CORESET, the aggregation level of 1, 3, 6, 12 is adopted. A larger aggregation level is FFS.
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