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Introduction
The agreements on NR DL control channel structure in RAN1#86bis meeting is as follows:
	Agreements:
· For the frequency-domain aspects:
· A UE monitors for downlink control information in one or more “control subband”
· This does not preclude that UE may receive additional control information elsewhere within or outside the control subband in the same or different OFDM symbol(s)
· FFS: One DCI message is transmitted within one control subband
· A “control subband” is smaller than or equal to the carrier bandwidth (up to a certain limit) 
· FFS if a “control subband” is non-contiguous and/or contiguous in the frequency domain. 
· A “control subband” consists of an integer number of RBs/PRBs in the frequency domain
· FFS: multiplexing of multiple control channels in a subband
Agreements:
· From gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot
· FFS: From gNB perspective, DL control signalling can be located over the slot and/or mini-slot
Agreements:
· NR should support at least the following.
· In frequency-domain, a PRB (or a multiple of PRBs) is the resource unit size (may or may not including DM-RS) for control channel
· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot
· FFS: whether a PRB or a multiple PRBs is the resource unit size
· FFS: If multiple PRBs is the resource unit size, the multiple PRBs are contiguous
· FFS: whether the resource unit size for a DL control channel is called as NR-REG or not
Agreements:
· NR should support at least the following
· A DL control channel can be mapped on one or more NR-CCEs
· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot
· A NR-CCE includes an FFS positive integer number of PRBs (FFS: exact value)
· FFS: whether a NR-CCE contains contiguous PRBs
· FFS: whether multiple NR-CCEs may share one or more PRBs
· FFS: whether NR-CCE is mapped on frequency-domain only or on both frequency and time-domain



In this contribution, we provide our view on DL control channel structure mainly regarding the control subband and the NR-CCE.

Discussion
Control subband
In the last meeting the control subband was introduced as a unit of DL control channel monitoring. A control channel may span a part of PRBs or all PRBs within a control subband. In the former case, one possibility is to configure only a part of a control subband, e.g., a small number of PRBs like LTE EPDCCH, to a UE to minimize the control channel monitoring complexity. However, front-loaded DL control channel would be a normal use case in order to secure enough receiver processing time. With few number of OFDM symbols, the number of PRBs occupied by a control channel should be increased. In addition, each slot should prepare a room large enough to accommodate multiple control channels. Therefore it seems proper to use one entire control subband as the smallest frequency unit of DL control channel monitoring. This also simplifies the control region configuration signaling and reduces the overhead compared with the partial subband case.
Proposal 1: A control subband is the “smallest” frequency unit of DL control channel monitoring. UE can be configured with an integer number of control subband (not a fraction of a control subband).

It is FFS if a control subband is non-contiguous and/or contiguous in the frequency domain. In our view, the control subband should be continuous in frequency to minimize the UE operating bandwidth when monitoring the control channel. In this case, it can be argued that there can be lack of frequency diversity if the control subband size is not sufficiently large. However, there are other options to achieve the frequency diversity, e.g., aggregation of multiple control subbands to form a single search space, which would provide larger flexibility and larger diversity gains than having non-contiguous control subband.
Proposal 2: A control subband consists of continuous PRBs in the frequency domain.

On the other hand, the NR control channel should provide the same or better coverage and performance than the LTE control channel. In LTE, frequency diversity was an important source of coding gain in both PDCCH and EPDCCH. To satisfy the similar performance requirements as LTE, the NR is also expected to appreciate the frequency diversity. The question is whether one control subband is sufficient or not to obtain a sufficient amount of diversity. Regarding this, two alternatives can be considered:
· Alt. 1: One control channel spans only one control subband.
· Alt. 2: One control channel can span multiple control subbands.
An extreme case of Alt. 2 is that all control subbands in a carrier participate in transmission of one control channel, which corresponds to the LTE PDCCH. To compare the two options and study the proper control subband size and the maximum number of control subbands for aggregation, link-level evaluation may be required.
Observation 1: Link-level evaluation for NR DL control channel is needed to study at least the following aspects:
· Size of a control subband
· Whether it is sufficient for one control channel to span only one control subband or not

From UE perspective, there may be two types of control subbands. One is for RRC idle state during the initial access stage, i.e., “base control subband”, and the other is for RRC connected state, i.e., “extended control subband”. For the base control subband, at least its numerology is preferred to be indicated by MIB. The location information can also be indicated by MIB or it can be predefined in the specification. For the extended control subband, both the numerology and the location information can be configured by RRC signaling.
[bookmark: _GoBack]On the other hand, it is good for UE to know the size of the control subband at the very early stage of initial access when receiving control information after the MIB on the DL control channel. For this purpose, the control subband size can be indicated by MIB, or be determined as a function of the subcarrier spacing. For the mixed numerology case, it can be a function of the subcarrier spacing of a certain signal or channel.
Proposal 3: The numerology of the control region is configured by MIB or RRC signaling.
Proposal 4: The size of the control subband is indicated by MIB either explicitly or implicitly.

NR-CCE
In LTE EPDCCH, there are two types of mapping from CCE to PRBs, i.e., localized mapping and distributed mapping. In NR, both the localized and the distributed mappings may be useful as well. For example, the localized mapping can be used for UE-specific control channel and the distributed mapping can be used for common control channel. However, the specification impact of supporting either one or both mappings should be further discussed.
Observation 2: Both localized and distributed mapping from NR-CCE to PRBs may be useful in NR as well.

Another issue with the NR-CCE structure is whether a NR-CCE spans a fixed or variable number of OFDM symbols. Generally spanning a large number symbols will provide search space design flexibility and uniform performance over NR-CCEs. However, this seems not be desirable in terms of beam centric operation. Also this issue is related to how to determine the control channel durations, e.g., dynamically using LTE CFI-like indication or semi-statically.
Proposal 6: Study further whether a NR-CCE spans a fixed or variable number of OFDM symbols.

Conclusion
In this contribution, we discussed NR DL control channel structure regarding the control subband and NR-CCE. Our observations and proposals include:
Proposal 1: A control subband is the “smallest” frequency unit of DL control channel monitoring. UE can be configured with an integer number of control subband (not a fraction of a control subband).
Proposal 2: A control subband consists of continuous PRBs in the frequency domain.
Observation 1: Link-level evaluation for NR DL control channel is needed to study at least the following aspects:
· Size of a control subband
· Whether it is sufficient for one control channel to span only one control subband or not
Proposal 3: The numerology of the control region is configured by MIB or RRC signaling.
Proposal 4: The size of the control subband is indicated by MIB either explicitly or implicitly.
Observation 2: Both localized and distributed mapping from NR-CCE to PRBs may be useful in NR as well.
Proposal 6: Study further whether a NR-CCE spans a fixed or variable number of OFDM symbols.
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