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Background
In RAN1#87, the following agreement was made for NR [1].
	Agreements:
· when the control resource set spans multiple OFDM symbols, NR support a control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol
· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)




In RAN1#89, the following agreement was made for NR [2].
	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-domain 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 made for NR [3].
	Agreements:
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following are configured.
· Frequency-domain resources, which may or may not be contiguous
· Each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency
· FFS: exact size and number of contiguous parts for a CORESET
· Starting OFDM symbol
· Time duration
· REG bundle size if the configuration is explicit
· Transmission type (i.e., interleaved or non-interleaved)
· More parameters may be added if agreed
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.
· Monitoring periodicity
· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates
· FFS: relation with DRX
· FFS: default/fallback value

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 RAN1#89 and RAN1 NRAH#2 meeting, REG bundle size is agreed both for interleaved and non-interleaved mapping. We discuss frequency first CCE-to-REG mapping.
Discussion
Frequency first CCE-to-REG mapping
At RAN1#87 meeting, it was agreed that, when the control resource set spans multiple OFDM symbols, NR supports a control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol. The control channel candidate to be mapped to multiple OFDM symbols is realized by time first CCE-to-REG mapping that has been already agreed at RAN1#89 meeting. On the other hand, in order to support the control channel candidate mapped to a single OFDM symbol, NR-PDCCH should additionally support frequency first CCE-to-REG mapping.
Proposal 1: NR-PDCCH supports frequency first CCE-to-REG mapping for a CORESET with more than 1 symbol.
A possible argument against frequency first CCE-to-REG mapping will be that multiple CORESET configurations with 1 symbol may be sufficient. Multiple CORESETs with 1 symbol achieve similar CCE-to-REG mapping. However, CORESET with 1 symbol requires a number of PRBs to support high aggregation level. This causes restriction for a CORESET in small bandwidth or bandwidth part.
Observation 1: CORESET with 1 symbol requires a number of PRBs to support high aggregation level.
PDCCH-to-CCE mapping for frequency first CCE-to-REG mapping
The motivation for frequency first CCE-to-REG mapping is to achieve a control channel candidate mapped to a single OFDM symbol. Thus, naturally, frequency first PDCCH-to-CCE mapping should be supported for frequency first CCE-to-REG mapping. 
Proposal 2: Frequency first PDCCH-to-CCE mapping should be applied together with frequency first CCE-to-REG mapping.
For frequency first PDCCH-to-CCE mapping, precoder granularity in time domain should be a single OFDM symbol since the PDCCH is mapped to a single OFDM symbol. Thus, we propose,
Proposal 3: Precoder granularity should be a single OFDM symbol for frequency first CCE-to-REG mapping.
Conclusion
In this contribution, we have the following observation:
Observation 1: CORESET with 1 symbol requires a number of PRBs to support high aggregation level.
In this contribution, we have the following proposals:
Proposal 1: NR-PDCCH supports frequency first CCE-to-REG mapping for a CORESET with more than 1 symbol.
Proposal 2: Frequency first PDCCH-to-CCE mapping should be applied together with frequency first CCE-to-REG mapping.
Proposal 3: Precoder granularity should be a single OFDM symbol for frequency first CCE-to-REG mapping.
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