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1 Introduction
In the previous RAN1 meeting, we reached some agreements on NR PDCCH structures as follows.
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 this contribution, we discuss REG-to-CCE mapping for a CORESET with more than 1-symbol
2 Discussions
From the last RAN1 meeting, REG-to-CCE mapping rule was agreed for 1-symbol CORESET. However, for CORESET with more than 1-symbol, at least time-first mapping for REG-to-CCE was agreed to be supported and FFS for other mapping rules to support time-domain precoder-cycling.
If a CORESET is configured with multiple OFDM symbols, we can consider various combinations of REG-to-CCE mapping and CCE-to-PDCCH candidate mapping. Depending on the combinations of REG-to-CCE mapping and CCE-to-PDCCH candidate mapping, it is determined how many PRBs a PDCCH transmission can be spanned over frequency domain as shown in figure 1. As shown from the figure, time-first REG-to-CCE mapping enables consecutive PRBs allocation for PDCCH transmission and is well aligned with the motivation of localized PDCCH transmission for achieving scheduling gain. However, it is also necessary to support robust PDCCH transmission against unreliable channel condition and CSI feedback from UEs, hence it is important to support REG-to-CCE mapping for maximizing frequency diversity gain.
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Fig. 1. Exemplary description of REG-to-CCE mapping
Therefore, we think NR should also support frequency first REG-to-CCE mapping for CORESET with more than 1 symbol case as well as CORESET with only 1 symbol case in order to maximize the frequency diversity gain especially for distributed PDCCH transmission. 
Proposal 1: NR should support frequency first mapping of REG-to-CCE as well as time first mapping of REG-to-CCE for CORESET with more than 1 symbol 

Regarding the CCE-to-PDCCH candidate mapping, we think NR should support both frequency first and time first mapping because both mapping rules have its own benefits. In terms of processing time for PDCCH decoding, frequency first mapping would be beneficial since gNB can allocate the PDCCH transmission in the first symbol of the CORESET. On the other hand, time first mapping makes implementation of precoder-cycling for PDCCH transmission easier since it enables time-domain precoder-cycling. 
Proposal 2: NR should support both frequency first and time first CCE-to-PDCCH candidate mapping 

3 Summary
The following summarizes the proposals in this contribution.
Proposal 1: NR should support frequency first mapping of REG-to-CCE as well as time first mapping of REG-to-CCE for CORESET with more than 1 symbol 

Proposal 2: NR should support both frequency first and time first CCE-to-PDCCH candidate mapping 
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