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Introduction
A work item for NR was agreed in RAN#75 [1]. The detailed objectives of the WID included the design of “Physical layer channels for control and data based on associated waveform, numerologies and frame structure in line with the conclusions of the study item, including mini-slot design”. 
In RAN#88, the following were agreed.
Agreements:
NR-PDCCH can be mapped contiguously or non-contiguously in frequency
· 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

Agreements:
Further study the following alternatives:
· Alt 1: For a given control resource set, there is only one CCE to REG mapping scheme
· Alt 2: For a given search space, there is only one CCE to REG mapping scheme

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)

In this contribution, we discuss some of the open design choices from the agreements above and the mapping of NR-PDCCH onto REGs and CCEs in time and frequency. The size of a CCE in terms of the number of REGs is addressed in[6].
Discussion
In the design of the control channel it has already been agreed that a Resource Element Group (REG) will be defined as spanning 1 PRB x 1 OFDM symbol in frequency and time. At the last meeting, two options for the mapping of REGs to CCEs was discussed with the first option allowing REGs within a CCE to be distributed in frequency whereas the second option forces all the REGs to be in contiguous PRBs. Considering that aggregation level 1 NR-PDCCH transmissions will not be able to benefit from any frequency diversity with the second option, it would be better for REGs within a CCE to be able to be distributed in frequency. However, when localized transmission is used with digital beamforming there could be a benefit in concentrating the transmission in as few PRBs as possible. In this case, it is better to concentrate all the REGs within a CCE to be contiguous in frequency. Therefore, we propose the following.
Proposal: REGs within a CCE carrying NR-PDCCH can be configured to be localized or distributed in frequency.

When REGs are distributed in frequency, the REGs within a CCE can be split into multiple groups with the REGs in each group being contiguous. There is a trade-off between channel estimation performance and achievable frequency diversity with fewer REGs in a group of contiguous REGs providing more frequency diversity while more REGs in a group having potential benefits in channel estimation performance. The evaluations in [7] show that there is not much benefit in expanding the number of contiguous REGs beyond 2. Assigning REGs within a CCE in a distributed manner is shown in Figure 1. We therefore propose the following.
Proposal: When REGs within a CCE carrying NR-PDCCH are configured to be distributed in frequency, the REGs in the CCE are divided into groups of contiguous REGs which are distributed in frequency with each group consisting of two REGs.

In the design of the structure of the NR-PDCCH, it is important to allow enough flexibility that the NR-PDCCH can be received reliably in a wide range of scenarios. One design aspect is whether the NR-PDCCH should span only one OFDM symbol or whether it can span multiple OFDM symbols in a control resource set that has more than one OFDM symbol. Here, we note that each option has benefits in different deployment scenarios. At higher frequencies where analog beamforming may be required to serve UEs, it is beneficial to be able to transmit an NR-PDCCH in only one OFDM symbol so that NR-PDCCHs in different OFDM symbols may be sent to different UEs in different beams. On the other hand, when localized transmission is used with digital beamforming at lower carrier frequencies, there could be a benefit in concentrating the transmission in fewer PRBs which may be better facilitated by being able to send the NR-PDCCH across multiple OFDM symbols. Therefore, we propose that the NR-PDCCH have the flexibility to be configured with both options. This can be done by assigning a group of REGs in a CCE in a frequency first or a time first manner as shown in Figure 1. 
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[bookmark: _Ref477986109]Figure 1: Options for distributing REGs belonging to a single CCE consisting of 6 REGs

Proposal: The REGs within a CCE can be configured to be mapped in a time first or a frequency first manner.

Another aspect of the NR-PDCCH structure that was discussed was whether there should be one mapping from CCEs to REGs per control resource set or per search space. It was agreed that a search space should be within a control resource set although the possibility of having multiple search spaces in a control resource set was left open. Even if there are multiple search spaces in a control resource set, it is possible for there to be a single mapping of CCEs to REGs for the control resource set. Allowing multiple mappings of CCEs to REGs does not provide any significant benefits that are worth the increase in the design complexity. This is especially true since multiple UE-specific control resource sets can be configured to the UE. Therefore, we propose the following.
Proposal: For a given control resource set, there is only one CCE to REG mapping.

Once the REs within which an NR-PDCCH have been allocated, the NR-PDCCH is mapped to these REs. We propose that this mapping is done frequency first within a REG and in increasing order of REG numbers (as per the configured CCE to REG mapping) across REGs, and in increasing order of CCE numbers across CCEs.
Proposal: The NR-PDCCH is mapped frequency first within a REG, in increasing order of REG numbers within a CCE and in increasing order of CCE numbers across CCEs.

Conclusion
This contribution discussed some aspects related to the structure of the NR-PDCCH and proposed the following.
Proposal: REGs within a CCE carrying NR-PDCCH can be configured to be localized or distributed in frequency.
Proposal: When REGs within a CCE carrying NR-PDCCH are configured to be distributed in frequency, the REGs in the CCE are divided into groups of contiguous REGs which are distributed in frequency with each group consisting of two REGs.
Proposal: The REGs within a CCE can be configured to be mapped in a time first or a frequency first manner.
Proposal: For a given control resource set, there is only one CCE to REG mapping.
Proposal: The NR-PDCCH is mapped frequency first within a REG, in increasing order of REG numbers within a CCE and in increasing order of CCE numbers across CCEs.
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