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Introduction
The agreements on NR-PDCCH structure in the last RAN1 NR ad-hoc meeting is as follows [1]:
	Agreements:
· Each candidate of NR DL Control channel search space is composed by K NR-CCE(s)
· A NR-CCE is defined in fixed number of REGs
· FFS: Different REGs can be in the same or different symbols depending on REG to NR-CCE mapping
· FFS: NR-CCE includes the REs assumed for UE-specific DMRS to demodulate that NR-CCE
· FFS: REG to NR-CCE mapping within a control resource set is frequency first, time first or gNB configurable
· FFS: Down selection of REG to NR-CCE mapping
· E.g. K can be 1, 2, 4, or 8, etc



To construct a NR-PDCCH search space, a set of REGs which can be utilized to the construction of search space should be defined first. When there is a single search space in a control resource set, the control resource set can be regarded as a REG pool. However, if there are multiple search spaces, multiple REG pools should be available in a control resource set. One simple approach is to allocate a subset of control symbols as each REG pool as discussed in our companion contribution [2].
In this contribution, how to set REG indices in a given REG pool for the distributed and localized mapping cases is described. Once the REG indices are determined, then the CCE-to-REG mapping can be determined in a straightforward manner.

Discussion
[Distributed CCE-to-REG mapping]
The distributed CCE-to-REG mapping can be provided by REG-level interleaving as in LTE PDCCH. Since generally a REG pool for a search space will consist of multiple control symbols, we have two options for the dimension of interleaving operation: one is 1D in frequency and the other is 2D in time-frequency. Considering that the tight processing timeline should be satisfied in NR, the 1D frequency interleaving on a symbol-by-symbol basis is desirable.
The frequency interleaving can be applied to each OFDM symbol in a control resource set as illustrated in Fig. 1. If all control symbols have the same number of REGs, then the interleaver size can be fixed. Regarding the interleaving pattern, different patterns can be applied to different symbols to appreciate more diversity gains when a PDCCH candidate spans multiple symbols. Fig. 1(a) and (b) show an example of the symbol-by-symbol interleaving when the control resource set consists of 4 symbols and each symbol has 6 REGs.



[bookmark: _Ref474195813]Fig. 1. REG-level frequency interleaving
The output of the symbol-by-symbol interleaving is the localized REG numbers. For a given REG pool, these local numbers can be converted to global numbers which are unique within the REG pool. An example of this global numbering is illustrated in Fig. 2 with a two-symbol REG pool. The global REG numbering follows a frequency first and time second manner, and the frequency indexing order obeys the interleaver pattern of each control symbol. According to this rule, the REG numbers of the first symbol are unchanged and those of the second symbol are shifted by +6 as shown in Fig. 2(a).
On the other hand, the CCE-to-REG mapping can be performed in a logical domain, i.e., a group of REGs having serial numbers can be mapped to one CCE. For example, as shown in Fig. 2(b), REG 0 to 3 constitute CCE 0 and REG 4 to 7 constitute CCE 1 where the number of REGs per CCE equals 4. As a result, each CCE is distributed in frequency (CCE 0) or in time-frequency (CCE 1). Note that CCE 0 is mapped only on the first symbol as an effect of the frequency first REG mapping, which is favorable to deliver time-critical DCIs, e.g., slot structure.


         
[bookmark: _Ref474196700]Fig. 2. Distributed CCE-to-REG mapping

[Localized CCE-to-REG mapping]
The NR-PDCCH candidates are constructed by two independent stages: One is CCE-to-REG mapping and the other is CCE aggregation. In the localized mapping case, the mapping direction (frequency first or time first) can be decided at each stage, but not all stages need to support both mapping directions. Since the fast PDCCH processing is important in the localized mapping case as well, our preference is to support frequency first mapping only between CCEs and REGs and to support both frequency first and time first mapping for the CCE aggregation by configuration.
One factor which makes the CCE structure complicated is shown in Fig. 3. That is, the number of REGs per symbol (9 in the figure) may not divided by the number of REGs per CCE (4 in the figure). Fig. 3 shows three different ways to treat the remaining REG(s). Alt. 1 and Alt. 2 are approaches to include the remaining REG in the search space, while Alt. 3 does not use it to form a search space. The difference between Alt. 1 and Alt. 2 is that Alt. 2 applies alternating REG mapping directions over symbols, from which some CCEs (e.g., CCE 2) can be more localized in frequency than Alt. 1. While Alt. 3 provides a simple CCE structure, it is not desirable with respect to the spectrum efficiency. Regarding the CCE-to-REG mapping, the same mapping rule as in the distributed mapping can be applied and the results are illustrated in Fig. 3.


           
[bookmark: _Ref474196692]Fig. 3. Alternatives to localized REG mapping

[Coexistence with PCFICH-like channel]
If the PCFICH-like channel is introduced [3], it will coexist with the NR-PDCCH search space within the same control resource set. When a certain REGs in a REG pool are occupied by the PCFICH-like channel, those REGs can simply be excluded in the REG numbering. This approach seems not problematic for distributed mapping, but in the localized mapping case the CCE structure and the channel estimation may be complicated due to the exceptional REGs. Further study is needed on how to treat the PCFICH-like channel within the NR-PDCCH search space.

Based on the discussions, we propose the followings:
Proposal 1: NR supports both distributed and localized CCE-to-REG mappings for DL control channel.
Proposal 2: At least frequency first REG mapping is supported for both distributed and localized mappings.

Conclusion
In this contribution, we discussed the schemes for distributed and localized CCE-to-REG mappings for the design of NR-PDCCH structure. Our proposals are the followings:
Proposal 1: NR supports both distributed and localized CCE-to-REG mappings for DL control channel.
Proposal 2: At least frequency first REG mapping is supported for both distributed and localized mappings.
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