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1 Introduction
In the previous RAN1 meetings, we reached some agreements on NR PDCCH structures as follows.
RAN1 #88

Agreements:
· NR-PDCCH can be mapped contiguously or non-contiguously in frequency

· The following may be considered to achieve the above (in the physical domain)

· Option 1: Localized or distributed mapping of REGs to a CCE. 

· Option 2: Localized mapping of REGs to a CCE. Localized or distributed mapping of CCEs when multiple CCEs are needed for an NR-PDCCH

· Down-selection between Opt 1 and Opt 2 should be further discussed

· Companies are encouraged to perform evaluations considering aspects such as channel estimation, frequency diversity, impact of resource reuse for NR-PDSCH, etc., especially for one CCE case
Agreements:
· FFS details of mapping of NR-PDCCH in time and frequency, considering the following options:

· Frequency first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate 

· Time first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate

· Frequency first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate

· Time first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate

· Down-selection should be discussed, including of the number of supported option(s)
RAN1 #88bis
Agreement:
NR-PDCCH can be mapped contiguously or non-contiguously in frequency with localized or distributed mapping of REGs to a CCE (in the physical domain)
Agreements:
· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET

· Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 
· REG bundling per CCE is supported for NR-PDCCH
· FFS: Whether this applies to common search space

· FFS: Whether all REGs have DMRS or not
· FFS: Whether wideband precoding is supported and the definition of a REG bundle if it is supported
· FFS: whether REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of CCE to REGs 

· FFS on REG bundle size

· FFS whether REG bundle size is configurable
Working assumption:
· A NR-CCE is defined as 6 REGs

· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs

· FFS: impact of the NR-CCE definition on CORESET size, CCE aggregation levels, data resource allocation granularity, etc.
In this contribution, we discuss details of mapping of NR-PDCCH in time and frequency.
2 Discussions
A default mapping rule should be defined considering all possible combinations of control resource set configuration. If a control resource set consists of only one OFDM symbol, mapping of REGs to CCEs and mapping of CCEs to PDCCH candidate can only be frequency first manner. Moreover, if we consider robustness on transmission of NR PDCCH, it is important to exploit higher frequency diversity gain. Therefore, we think that frequency first mapping of REGs to CCEs and frequency first mapping of CCEs to PDCCH candidate should be supported for NR PDCCH.

Proposal 1: frequency first mapping of REGs to CCEs and frequency first mapping of CCEs to PDCCH candidate should be supported for NR PDCCH at least for control resource set size of one OFDM symbol.

If a control resource set is configured with multiple OFDM symbols, we can consider various combinations of REGs to CCEs mapping and CCEs to PDCCH candidate mapping listed above agreements. Depending on the combinations of REGs to CCEs mapping and CCEs to PDCCH candidate mapping, it can be seen as whether to support that a CCE or a NR PDCCH candidate can span over multiple symbols within a control resource set or not as shown in figure 1. If only frequency first mapping of REGs to CCEs and CCEs to PDCCH candidate is supported, each PDCCH candidate in a control resource set may be composed per OFDM symbol. On the other hand, if time first mapping of REGs to CCEs or CCEs to PDCCH candidate is applied, a PDCCH candidate can be composed over multiple OFDM symbols.
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As described above by applying frequency first mapping on both REGs to CCEs and CCEs to PDCCH candidate, we can maximize the frequency diversity gain especially for distributed NR PDCCH transmission. Moreover, we can reduce the processing time for PDCCH decoding by transmitting PDCCH in the first OFDM symbol of the control resource set. And it is also beneficial in terms of aligning mapping rule between multiple control resource sets with different symbol durations. On the other hand, time first mapping of REGs to CCEs or CCEs to PDCCH candidate is more appropriate for localized transmission of NR PDCCH which achieves scheduling gain, efficient power boosting and frequency based inter-cell interference management for PDCCH transmission. Between time first mapping of REGs to CCEs with frequency first mapping of CCEs to PDCCH candidate and frequency first mapping of REGs to CCEs with time first mapping of CCEs to PDCCH candidate, we prefer time first mapping of REGs to CCEs with frequency first mapping of CCEs to PDCCH candidate, because it makes more localized transmission of NR PDCCH with aggregation level 1. 
Proposal 2 frequency first mapping of REGs to CCEs and time first mapping of REGs to CCEs are supported for control resource sets configured with multiple OFDM symbols. 

Proposal 3: Only frequency first mapping of CCEs to PDCCH candidate is supported for NR PDCCH.
3 Summary
The following summarizes the observations and proposals in this contribution.
Proposal 1: frequency first mapping of REGs to CCEs and frequency first mapping of CCEs to PDCCH candidate should be supported for NR PDCCH at least for control resource set size of one OFDM symbol.

Proposal 2 frequency first mapping of REGs to CCEs and time first mapping of REGs to CCEs are supported for control resource sets configured with multiple OFDM symbols. 

Proposal 3: Only frequency first mapping of CCEs to PDCCH candidate is supported for NR PDCCH.
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