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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#89 meeting, it is agreed that NR supports time first REG-to-CCE mapping for a CORESET with more than 1 symbol. In this contribution, we focus on the issue for frequency first REG-to-CCE mapping for a CORESET with more than 1 symbol.
Discussion
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 to be mapped to multiple OFDM symbols is realized by time first REG-to-CCE mapping that has been already agreed at RAN1#89 meeting. On the other hand, in order to support the control channel mapped to a single OFDM symbol, NR-PDCCH should additionally support frequency first REG-to-CCE mapping.
Proposal 1: NR-PDCCH supports frequency first REG-to-CCE mapping for a CORESET with more than 1 symbol.
REG bundle in frequency domain
In our view, there is no reason to define different frequency-domain REG bundle sizes for CORESET with more than 1 symbol from the ones for CORESET with 1 symbol. A remaining discussion point would be whether to support non-interleaving for frequency first REG-to-CCE mapping.
Proposal 2: For frequency first REG-to-CCE mapping for a CORESET with more than 1 symbol, frequency domain REG bundle size(s) is:
· [2 or 3 or 6] REGs for interleaving,
· 6 REGs for non-interleaving (if supported).
REG bundle in time domain
For frequency first REG-to-CCE mapping, one CCE is mapped to a single OFDM symbol. Thus, only concern for time domain REG bundle for frequency first REG-to-CCE mapping is inter-CCE REG bundle. Figure 1 shows two options for time domain inter-CCE REG bundle.
a) Intra-PDCCH REG bundle
b) Inter-PDCCH REG bundle
A typical assumption for Option (a) is time first CCE-to-PDCCH mapping. In this instance, the PDCCH consists of 2 consecutive CCEs in time domain. However, exactly the same PDCCH resource allocation can be realized by the time first REG-to-CCE mapping of which support has been already agreed. If the network needs time domain REG bundle to improve channel estimation accuracy or to reduce DMRS overhead, it can simply configure the time first REG-to-CCE mapping but not the frequency first REG-to-CCE mapping. Thus, it is not necessary to consider Option (a) for frequency first REG-to-CCE mapping.
Proposal 3: NR doesn’t support time first CCE-to-PDCCH mapping with frequency first REG-to-CCE mapping.
In Option (b), each of bundled PDCCHs consists of a CCE in different symbol. If inter-CCE REG bundle in time domain is applied to Option (b), the same beam has to be applied to two PDCCHs that are allocated onto different OFDM symbols. Inter-PDCCH REG bundle in time domain will cause scheduling restriction especially for higher frequency/analog beam operation. Thus, inter-CCE REG bundle in time domain should not be adopted for frequency first REG-to-CCE mapping. 
Proposal 4: Inter-CCE REG bundle in time domain should not be adopted for frequency first REG-to-CCE mapping.
 [image: ]
Figure 1: Inter-CCE REG bundle for a CORESET with 2 symbols
Conclusion
In this contribution, we have the following proposals:
Proposal 1: NR-PDCCH supports frequency first REG-to-CCE mapping for a CORESET with more than 1 symbol.
Proposal 2: For frequency first REG-to-CCE mapping for a CORESET with more than 1 symbol, frequency domain REG bundle size(s) is:
· [2 or 3 or 6] REGs for interleaving,
· 6 REGs for non-interleaving (if supported).
[bookmark: _GoBack]Proposal 3: NR doesn’t support time first CCE-to-PDCCH mapping with frequency first REG-to-CCE mapping.
Proposal 4: Inter-CCE REG bundle in time domain should not be adopted for frequency first REG-to-CCE mapping.
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