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Introduction

The following was agreed at RAN1#87 [1]
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)

Moreover, in the last meeting it was further agreed [2]:

Agreements:
· 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 

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 discuss some aspects that are crucial to achieve progress on the DL control channel design.

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:
As agreed, the control channel set is semi-statically configured by RRC signaling. With respect to the blind decoding, , 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.  Blind decoding in the control resource set is further discussed in our companion contribution [3]. 
The blind decoding rule can ensure some degree of randomization of the search space resources for different UEs to reduce blocking and interference. It is beneficial for the randomization to not include cell IDs to allow maximum flexibility for seamless operation in a variety of deployments. The randomization can be based on slot numbers and UE IDs so that blocking and interference can be reduced over a few slots. 
Based on the above discussion, we propose the following:

Proposals:
· 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
· The automatic rule determining blind decode candidates should not use the cell ID for randomization of the CCEs used for candidates for different UEs.

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:
· One DCI message is located in one control resource set.
· [bookmark: _GoBack]There could be multiple control channel candidates in a control resource set.
· 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
· The automatic rule determining blind decode candidates should not use the cell ID for randomization of the CCEs used for candidates for different UEs
· 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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