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Introduction
In the previous meeting some progress has been made on the DL L1/L2 control channel design. Some agreements relevant to the structure of DL control channel were made including some open issues as listed below [1]:
Agreements:
· NR supports at least following functionalities
· At least for eMBB, in one OFDM symbol, multiple CCEs cannot be transmitted on the same PRB except for spatial multiplexing to different UEs (MU-MIMO)
· A PDCCH candidate consists of a set of CCEs. A CCE consists of a set of REGs. A REG is one RB during one OFDM symbol.
· For one UE, the channel estimate obtained for one RE should be reusable across multiple blind decodings involving that RE in at least the same control resource set and type of search space (common or UE-specific).
· At least for DL data scheduled for a slot, the DL data DMRS location in time is not dynamically varying relative to the start of slot

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
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In this contribution we discuss some of the open issues in the above agreements as well as other additional design open issues.
Discussion
In the following we focus the discussion on some aspects that are crucial to achieve progress on the DL control channel design.
It is agreed to define an entity as NR-CCE similar to LTE where the DL control channel is mapped to a CCE. Some more details need to be clarified on the structure of the NR-CCE. 
In our view, as a design principle, the NR-CCE should be considered as the building block for any DCI message with a single consistent definition for its structure irrespective of the number of OFDM symbols used to carry a DCI message. In other words, the structure of an NR-CCE should not change if a DCI message is carried by one or multiple OFDM symbols. Since the DCI message in a single OFDM symbol is already supported in NR, this implies that the NR-CCE should be mapped only on different REGs in frequency domain and not in time domain and should not span multiple OFDM symbols in time. Moreover, REG to NR-CCE mapping in time domain first rather than frequency domain first increases the processing time for PDCCH decoding since the PDCCH would span over multiple OFDM symbols. Additionally, it is not clear that from the channel estimation point of view and the orthogonality between OFDM symbols that is a preferable design approach. Hence an NR-CCE can only span multiple PRBs in the frequency domain.
The second level question is whether an NR-CCE contains contiguous or non-contiguous REGs in frequency domain. In our view, an NR-CCE should contain contiguous REGs in frequency domain. However, the size of an NR-CCE in number of contiguous REGs should be sufficiently large to facilitate channel estimation per NR-CCE. This simplifies the design while in order to obtain frequency diversity gain, multiple NR-CCEs can be non-contiguous in frequency domain and hence combined while maintaining the channel estimation properties. Moreover, each NR-CCE exclusively occupies a set of contiguous REGs. In our companion contribution [2] it is shown that better performance based on localized than distributed DMRS can be achieved while the DMRS is embedded in NR-CCEs resources. Also in our view a NR-CCE of 4 REGs is a reasonable size for channel estimation purposes. Moreover, it seems that introducing the same number of aggregation levels for PDDCH candidates in NR as in LTE is commonly understood to be a suitable choice.
Based on the above discussion the following is proposed to further define the structure of an NR-CCE.
Proposals:
· An NR-CCE can span multiple REGs in the frequency domain and only one OFDM symbol in time.
· An NR-CCE spans contiguous REGs in the frequency domain.
· NR-CCE includes the REs assumed for UE-specific DMRS to demodulate that NR-CCE.
· An NR-CCE spans four REGs.
· Each candidate of NR DL Control channel search space is composed by K NR-CCE(s) where K can be 1, 2, 4, or 8.


Conclusion
The following proposals are made for progress on the design of DL control channel structure:
Proposals:
· An NR-CCE can span multiple REGs in the frequency domain and only one OFDM symbol in time.
· An NR-CCE spans contiguous REGs in the frequency domain.
· NR-CCE includes the REs assumed for UE-specific DMRS to demodulate that NR-CCE.
· An NR-CCE spans four REGs.
· Each candidate of NR DL Control channel search space is composed by K NR-CCE(s) where K can be 1, 2, 4, or 8.
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