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Introduction
In the previous meetings some progress has been made on the DL L1/L2 control channel design. Some agreements relevant to the structure of DL control channel are listed below including some open issues.
At RAN1#86bis, it was agreed that [1]
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:
· 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 a 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.

Moreover, at RAN1#87, it was agreed that [2]
Agreements:
· At least for single-stage DCI design:
· A control resource set (formerly called control subband) 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:
· 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)

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.
NR-CCE structure:
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. 
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 PRBs in frequency domain and not in time domain and should not span multiple OFDM symbols in time. 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 PRBs in frequency domain. In our view, an NR-CCE should contain contiguous PRBs in frequency domain. However, the size of an NR-CCE in number of contiguous PRBs 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 PRBs.
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 PRBs in the frequency domain and only one OFDM symbol in time.
· An NR-CCE spans contiguous PRBs in the frequency domain.
· The set of REs occupied by an NR-CCE are not part of any other NR-CCE

Mapping of a DCI message in a control resource set:
A control resource set is defined as a set of resource elements in the time and frequency domain. These resource elements can either be contiguous or non-contiguous. To simplify the design, it is preferable that a single control channel is within one control resource set (and not multiple control resource sets). Clearly, the control resource set must be wide enough to encompass the largest possible control channel in this case. If frequency diversity is desirable, the resource blocks in a control resource set can be spread out in frequency and hence there is no benefit of a control channel spanning multiple control resource sets. Moreover, depending on the payload size of a control channel, there could be multiple control channels in one control resource set.
Therefore, we suggest to confirm the working assumption in the corresponding agreement made in the RAN1#87 meeting and support DCI multiplexing in one control resource set in the NR design and hence propose the following,
Proposals: 
· One DCI message is located in one control resource set.
· There could be multiple control channel candidates in a control resource set.

Indication of control resource sets:
In our view, the control channel set is semi-statically configured by RRC signaling. This means that there is no dynamic signaling via e.g. ‘PCFICH-like channels’ to indicate the control resource size. More explanations can be found in our companion contribution [3]. 
Moreover, we suggest to have fixed number of blind decoding candidates which is not impacted by the number of OFDM symbols in the control resource set and distributed across all the configured control channel sets.
Additionally, there can be an automatic rule on how the blind decode candidates are derived. Further studies are needed to determine the details of the mentioned automatic rule. When more clarity is obtained, we can determine whether the UE complexity is manageable or some further assistance by means of e.g. RRC signaling is needed. More descriptions on the blind decoding in the control resource set is provided in our companion contribution [4]. 
Based on the above discussion, we propose the following:

Proposals:
· The control resource set is RRC configured.
· The number of blind decodes is fixed and distributed across all the configured control resource sets.
· The number of OFDM symbols in the control resource set does not impact the number of blind decodes.
· The blind decode candidates are derived based on an automatic rule.
· FFS on the details of the automatic rule
· FFs on the need for reducing UE complexity

Size of control resource sets:
The size of a control resource set should allow for the largest possible control channel (i.e. the largest combination of DCI payload and aggregation level). It also defines the smallest possible UE bandwidth, i.e. a UE not capable of receiving at least one control resource set would not be able to access the system. For lower carrier frequencies, a control resource set of approximately 5 MHz seems to be a good choice. For higher carrier frequencies, a somewhat larger control resource set of around 20 MHz can be considered as the spectrum allocations in these cases typically are larger. 
Proposal: 
· A control resource set is in the order of 5 MHz for lower carrier frequencies and should be scalable according to the sub-carrier spacing.

Conclusion
The following proposals are made for progress on the design of DL control channel structure:
Proposals:
· An NR-CCE can span multiple PRBs in the frequency domain and only one OFDM symbol in time.
· An NR-CCE spans contiguous PRBs in the frequency domain.
· The set of REs occupied by an NR-CCE are not part of any other NR-CCE

Proposals: 
· One DCI message is located in one control resource set.
· There could be multiple control channel candidates in a control resource set.

Proposals:
· The control resource set is RRC configured.
· The number of blind decodes is fixed and distributed across all the configured control resource sets.
· The number of OFDM symbols in the control resource set does not impact the number of blind decodes.
· The blind decode candidates are derived based on an automatic rule.
· FFS on the details of the automatic rule
· FFs on the need for reducing UE complexity

Proposal: 
· A control resource set is in the order of 5 MHz for lower carrier frequencies and should be scalable according to the sub-carrier spacing.
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