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1. Introduction
In RAN1 Jan. Ad Hoc meeting, the definitions of REG and NR-CCE were discussed and the following agreements were achieved [1]:

· 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

· 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.
In this contribution, we provide some further considerations for the design of CCE-to-REG mapping.
2. Discussions
In LTE, one CCE consists of 36 usable REs derived from 9 REGs and one ECCE normally consists of 36 usable REs derived from 4 EREGs. In order to support various transmission schemes in downlink control channel [2] including UE-specific precoding, NR-CCE should include the REs assumed for UE-specific reference signal (RS) to demodulate that NR-CCE. Consider an example of RS pattern given in Figure 1 and our companion contribution [3] where in frequency domain 4 subcarriers are used for 2 RS ports per PRB. Therefore, one NR-CCE thus contains 4 REGs to achieve similar capacity as that in LTE PDCCH/EPDCCH.
It should be possible to reuse the same aggregation level for NR-PDCCH as L = {1, 2, 4, 8} so as to simplify the link adaptation procedures. As a result, based on the agreement that when the control resource set spans multiple OFDM symbols NR supports a control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol [1], one NR-CCE can be configured semi-statically to be either frequency first mapping or time first mapping. In frequency first mapping, one NR-CCE is mapped to a single OFDM symbol and multiple NR-CCEs are TDM’ed, while in time first mapping one NR-CCE is mapped to multiple OFDM symbols and multiple NR-CCEs are FDM’ed. 
When one NR-CCE is mapped to multiple OFDM symbols, e.g., 2 OFDM symbols as shown in Figure 1, 2 alternative structures can be considered. For structure 1, the RS patterns of each symbol are the same. This is beneficial for the quality of channel estimation. Alternatively, for structure 2, the RS in the second OFDM symbol can be omitted. The benefits come from the following two aspects. One is to reduce the overhead of RS. Taking into account UE blind detection complexity, the structure of NR-CCE can be associated with the control resource set of control channel, and it can be indicated by the signalling which is used to configure the control resource set. Furthermore, similar as one NR-CCE, larger CCE aggregation levels can also span one or multiple OFDM symbols and those can reuse the same structures as discussed for one NR-CCE.
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Figure 1. Examples of an NR-CCE, when it is mapped to multiple OFDM symbols.
Proposal 1: One NR-CCE is a minimum aggregation level for NR-PDCCH transmission, and reference signal should be contained within one NR-CCE.
Proposal 2: One NR-CCE consists of 4 REGs.
Proposal 3: One NR-CCE can span one or multiple OFDM symbols, which can be indicated semi-statically.
Based on the above discussion, it is also suggested that both frequency contiguous and frequency non-contiguous REG mapping should be supported within one NR-CCE. With multiple NR-CCEs for a single NR-PDCCH comes from contiguous REGs, it is possible to achieve frequency selective gain by placing each NR-PDCCH on NR-REGs with favorable channel conditions. On the other hand, with multiple NR-CCEs for a single NR-PDCCH comes from well-separated REGs, it is possible to obtain some frequency diversity gain by this frequency domain separation.

From UE perspective, if a UE is capable of monitoring both contiguous and non-contiguous NR-CCE mapping, TRP can select the best mapping scheme for that UE for each configured control resource set. However, having the UE search both contiguous and non-contiguous NR-CCE mapping would significantly increase the maximum number of blind decodes a UE needs to perform. Consequently, it is better to configure a UE to monitor either contiguous or non-contiguous NR-CCE mapping only for each configured control resource set.
Proposal 4: 

· In frequency domain, the NR-REGs in one NR-CCE can be either contiguous or non-contiguous.
· A UE is configured to monitor either contiguous or non-contiguous NR-CCE mapping only for each configured control resource set.
3. Conclusions
Our proposals in this contribution are summarized as follows.

Proposal 1: One NR-CCE is a minimum aggregation level for NR-PDCCH transmission, and reference signal should be contained within one NR-CCE.
Proposal 2: One NR-CCE consists of 4 REGs.
Proposal 3: One NR-CCE can span one or multiple OFDM symbols, which can be indicated semi-statically.
Proposal 4: 

· In frequency domain, the NR-REGs in one NR-CCE can be either contiguous or non-contiguous.
· A UE is configured to monitor either contiguous or non-contiguous NR-CCE mapping only for each configured control resource set.
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