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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
This contribution relates to PDCCH stucture for NR. The following agreements related to DL control channel structures were made in RAN1 #87 and RAN1 NR ad hoc [3][4]:
Agreements: [3]
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling
· Other solution is not precluded

· The reference signals in at least one search space do not depend on the RNTI or UE-identity
· FFS: The reference signals in at least an additional search space do not depend on the RNTI or UE-identity
· FFS: For one UE, there is the case the channel estimate obtained for one RE is reusable across multiple blind decodings involving that RE
· In an additional search space, reference signals can be configured, FFS: explicitly or implicitly

· when the control resource set spans multiple OFDM symbols, NR support a control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol
· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)

Agreements: [4]
· 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
· A control resource set is defined as a set of REGs under a given numerology
· Control search space includes at least the following properties
· Aggregation level(s)
· Number of decoding candidates for each aggregation level
· The set of CCEs for each decoding candidate
· FFS: if any of the following properties belong to control resource set or control search space
· Transmission/diversity scheme
· CCE to REG mapping
· RS structure
· PRB bundling size
· FFS: if the control resource sets can overlap or not
· FFS: whether the mapping between control resource set and control search space is one-to-one or one-to-many
 
We provide more details related to PDCCH DMRS design and PDCCH search space design in companion contributions [5] and [6], respectively.
[bookmark: _GoBack]2	Discussion
NR-PDCCH needs to support both frequency diversity and frequency selective transmission for DL control channel. Figure 1a) shows the principle of distributed REG to NR-CCE mapping in frequency, and Figure 1b) shows localized REG to NR-CCE mapping in frequency. The following assumptions are behind the examples shown in Figure 1
· The size of NR-CCE is 4 PRBs. This provides a dimensioning comparable to LTE CCE [5]. 
· Only one symbol is allocated to PDCCH
· NR-CCEs are mapped into a 4-PRB grid. This approach allows to maximize the frequency diversity within each NR-CCE when using distributed mapping. This provides also smooth multiplexing between NR-CCEs based on distributed and localized mapping.
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a) Distributed mapping
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b) Localized mapping

Figure 1. Distributed and localized mapping of NR-REGs in frequency.

The primary goal of REG to NR-CCE mapping is to provide the necessary control resource units for control search spaces. 
It makes sense to utlize the same mapping principles for different control search spaces. This would mean for example that the principle how distributed mapping is arranged is the same for both common search (CSS) and user specific search space (USS).
Proposal #1: The size of NR-CCE is 4 PRBs (K=4)
Proposal #2: NR-CCEs are defined based on a 4-PRB grid
Proposal #3: Define common solution for distributed mapping of REGs applicable to both CSS and USS

2.1. 	PDCCH mapping in the case of multiple symbols
One of the open items related to NR-CCE construction is how to make it in the case when PDCCH covers multiple OFDM symbols, especially in case of localized transmission. There are two options on table, as shown in Figure 2
· Figure 2a) Different REGs are located always within the same OFDM symbol, and REG to NR-CCE mapping is based on frequency first -principle. This option has inbuilt support for varying starting position of the PDSCH. 
· Figure 2b) Different REGs can be located on the same or different symbol depending on the number of OFDM symbols allocated to NR-CCE. In this option, REG to NR-CCE mapping is based on time first -principle. 
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Figure 2. Frequency first and time first mapping of NR-REGs to NR-CCE (localized mapping).

We think that REG to NR-CCE mapping should be based primarily on frequency first principle as shown in Figure 2a. For example, common search space having only limited configuration opportunities could always follow frequency first –mapping [6]. However there can be certain scenarios, such as narrowband operation where time first mapping could provide certain benefits, e.g. in the cases when only limited number of NR-CCEs are allocated. For that reason, time first mapping can be supported as a gNB configuration option applicable to USS. In order to minimize the system complexity due to different REG to NR-CCE mapping schemes, we think that DMRS stucture should be common for all REGs and it should not vary according to REG to NR-CCE mapping scheme used. This provides a modular solution, which is preferable e.g. from channel decoding complexity as well as channel estimation complexity/performance point of view.  

Proposal #4: REG to NR-CCE is based primarily on frequency first mapping. Time first mapping can be supported as a gNB configuration option.

Proposal #5: DMRS stucture is common for all REGs and does not vary according to REG to NR-CCE mapping scheme.

3	Conclusions
In this contribution we have discussed the PDCCH search space design for NR. Based on the discussion, we make the following proposals:
Proposal #1: The size of NR-CCE is 4 PRBs (K=4)

Proposal #2: NR-CCEs are defined based on a 4-PRB grid

Proposal #3: Define common solution for distributed mapping of REGs applicable to both CSS and USS

Proposal #4: REG to NR-CCE is based primarily on frequency first mapping. Time first mapping can be supported as a gNB configuration option.

Proposal #5: DMRS stucture is common for all REGs and does not vary according to REG to NR-CCE mapping scheme.
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