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Introduction
The structure of the physical downlink control channel (PDCCH) for NR has been discussed in the last few meetings, and some of the related agreements are listed below:
Agreement:
· At least for single-stage DCI design:
· A control resource set is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information
· The PRBs may or may not be frequency contiguous
· A UE may have one or more control resource sets
· Working assumption: One DCI message is located within one control resource set
· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel
Agreements:
· 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
Agreements:
· 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:
· 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:
· 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)
Agreements at RAN1#88bis:
· NR-PDCCH can be mapped contiguously or non-contiguously in frequency with localized or distributed mapping of REGs to a CCE (in the physical domain)
· Note: The number of contiguous REGs in the CCE needs further discussion. 
· Note: Localized/distributed mapping can be achieved without/with interleaving.
Agreements at RAN1#88bis:
· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET
· Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 
· REG bundling per CCE is supported for NR-PDCCH
· FFS: Whether this applies to common search space
· FFS: Whether all REGs have DMRS or not
· FFS: Whether wideband precoding is supported and the definition of a REG bundle if it is supported
· FFS: whether REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of CCE to REGs 
· FFS on REG bundle size
· FFS whether REG bundle size is configurable

Working assumption at RAN1#88bis:
· A NR-CCE is defined as 6 REGs
· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs
· FFS: impact of the NR-CCE definition on CORESET size, CCE aggregation levels, data resource allocation granularity, etc.
Agreements at RAN1#88bis:
· NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH.
· NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information
· FFS if a part of configuration information can be derived by specification

In this contribution, we discuss further the structure of the PDCCH for NR and provide some observations and proposals at end

Control channel structure for NR
A control resource set (CORESET): This is a set of PRBs in which the UE attempts to blindly decode a downlink control information (DCI). The set of PRBs contains a number of control channel elements (CCEs). For the initial access, it is already agreed in RAN1#88bis that NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information. In principle, this is a common search space (CSS) for a group of UEs. After the initial access, further control resources could be configured from higher layers (i.e. RRC configuration) in a UE specific manner, this is a UE-Specific search space (USS). 
Proposal 1: Based on RAN1#88bis agreement, clarify that NR-PBCH provides configuration of the common search space (CSS) for NR.
Proposal 2: Dedicated RRC signalling provides configuration of the UE-specific search space (USS) for NR.
Furthermore, when bandwidth adaption is active (if supported), UE should be able to monitor a smaller RF bandwidth which may be applicable to both common and UE specific search spaces. For example, it should be possible to configure an aggregated contiguous control resource sets in time-domain (e.g. in a slot) that can be termed as a primary control resource sets for the purpose of the bandwidth adaptation. This means that when UE is in larger RF bandwidth it will also monitor an aggregated control resource sets termed as secondary control resource sets. 
Hence, as UE monitors control resource sets in frequency domain when in large RF (i.e. secondary control resource sets) and another control resource sets in time domain when in small RF (i.e. primary control resource sets), this can be termed as a two-dimensional control structure as show on Figure 1.
The control resource sets in the two-dimensional control structure could be same or different for different UEs in order to avoid blocking and to spread the control load in frequency domain.
Proposal 3: If bandwidth adaption is supported, define an aggregated control resource sets in time domain for the smaller RF bandwidth (primary control resource sets), and an aggregated control resource sets in frequency domain when in large RF bandwidth (Secondary control resource sets).
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    Figure 1. Primary control resource sets and secondary control resource sets for BW adaptations.

[bookmark: _GoBack]A REG is one RB during one OFDM symbol: In principle the REG comprises the number of remaining resource elements (REs) in a physical resource block (PRB) after excluding the demodulating reference signals (DMRS) assuming one OFDM symbol duration for the CORESET. However, in case the CORESET spans two or more symbols in time domain, there may not be a DMRS in every OFDM symbol, consequently a consistent definition of REG is necessary covering all different cases.  
Observation: Consistent definition of REG size is necessary covering when the CORESET is one OFDM symbol and when the CORESET spans two or more OFDM symbols in time domain.

A CCE consists of a number of REGs: Assuming that NR with the reference numerology will have a similar or better coverage than LTE, the NR CCE size should be equal or greater than the LTE CCE size (i.e. 4REGs x 9 = 36 REs for LTE). RAN1 agreed as a working assumption that the number of REGs per CCE is 6REGs (i.e. roughly 48/50 REs depending on RS density) which is in agreement with LTE. In addition, RBG bundling size can be a multiple of 2 or 3, however, we think RBG bundling size of 3 should be adopted in order to align with the RBG sizes of the data resource allocation schemes for NR as discussed in our contribution [3]. Hence, the working assumption should be confirmed.
Proposal 4: Confirm the working assumption of NR-CCE is defined as 6 REGs.
Proposal 5: Candidate bundle sizes for distributed REG-to-CCE mapping is 3 REGs.

PDCCH REGs to CCE mapping: NR is a beamforming oriented transmission where precoding weights are specific for a single UE in case of USS search space or group of UEs in case of CSS search space, therefore interleaving of control information (DCI) within a PRB for different UEs should be avoided for NR. In addition, when mapping the control information to REs in the control resource sets, the control information for one UE should be confined into an integer multiple of PRBs in order to avoid sharing same PRBs with other UEs, except the MU-MIMO.
In the last meeting, it was proposed that the mapping of REGs to a CCE can be configured to be mapped in a time-first or a frequency-first manner [4] as shown on Figure 2. As discussed in [5], the reason is that the frequency-first mapping (e.g. CORESET length of 1 OS) has an advantage of achieving low latency and frequency diversity while time-first mapping (e.g. CORESET length of 2/3/4 OS) increases the coverage of the control data by applying some more power boosting in time domain. Hence, it is necessary both to be supported with possibility of configuring either a frequency-first or time-first mapping per CORESET for each UE.
[image: ]
Figure 2. PDCCH REGs to a CCE mapping of frequency-first or time-first as in [4].

Proposal 6: Agree that the mapping of REGs to a CCE can be configured to be mapped in a time-first or a frequency-first manner.

Conclusion
In this contribution, we have discussed further the structure of the PDCCH for NR, and we have the following observations and proposals:
Observation: Consistent definition of REG size is necessary covering when the control region is one OFDM symbol and when the control region spans two or more OFDM symbols in time domain.
Proposal 1: Based on RAN1#88bis agreement, clarify that NR-PBCH provides configuration of the common search space (CSS) for NR.
Proposal 2: Dedicated RRC signalling provides configuration of the UE-specific search space (USS) for NR.
Proposal 3: If bandwidth adaption is supported, define an aggregated control resource sets in time domain for the smaller RF bandwidth (primary control resource sets), and an aggregated control resource sets in frequency domain when in large RF bandwidth (Secondary control resource sets).
Proposal 4: Confirm the working assumption of NR-CCE is defined as 6 REGs.
Proposal 5: Candidate bundle sizes for distributed REG-to-CCE mapping is 3 REGs.
Proposal 6: Agree that the mapping of REGs to a CCE can be configured to be mapped in a time-first or a frequency-first manner.
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