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1 Introduction

Several agreements in the previous RAN1 meetings have advanced the design of the NR DL control channel framework [1]. Some of these agreements include:
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

· 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

In this contribution we present our views on some outstanding details that may at least conclude the study item phase of the NR-PDCCH structure.

2 Discussion
2.1 Configuration of a control resource set
An NR-PDCCH may be mapped to a control channel region that can be mapped to the first few OFDM symbols of a slot. This control channel region is called a control resource set (CORESET) and in the frequency domain is made up of a set of PRBs. It is still FFS whether these PRBs are contiguous or non-contiguous in the frequency domain. 

It was previously agreed that the physical resources containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information. Therefore, it can be deduced that a first CORESET is obtained from the initial access procedure. This first CORESET should at least contain a common search space (CSS) if some SIBs are scheduled, (i.e. not all SIBs are provided by a NR-PBCH). In addition it was agreed that configuration of additional CORESETs is by dedicated RRC signaling. Scheduling of such RRC signaling would have to be in a UE-specific search space (UESS) mapped to this first CORESET since it is the only control resource set that is known to a UE once the DL initial access procedure is complete.
Proposal 1: Configuration of a first CORESET is obtained at DL initial access and can be used for common and dedicated control signaling, i.e. a CORESET may contain multiple search spaces.
There are several consequences of this first CORESET configuration, 

· The RS used for demodulating a NR-PDCCH is channel-specific rather than UE-specific. Although this is clearly true for common control signaling, it is also true at least for the UE-specific search space used for scheduling dedicated RRC signaling.

· The RS can be common for both search spaces. In that sense it bears some similarity to CRS wherein channel estimates are used for blindly decoding all candidates in both the CSS and UESS.

· The transmit diversity scheme should be transparent or fixed in the specifications before the UE receives any dedicated RRC configuration. 

Observation 1: The transmit diversity scheme is at least a property of the first CORESET obtained at initial access.
2.2 Applicability of CORESET to mini-slot based transmission
It was agreed that DL control signaling can be located in the first OFDM symbol(s) of a slot or mini-slot. In a previous contribution [2], we described two methods for configuring the location of the control channel candidates that are monitored for mini-slot data scheduling. One solution is that each mini-slot can be configured with a separate control resource set as shown in Figure 1(a). A different solution is depicted in Figure 1(b), where the CORESET is slot-specific but the control channel candidates scheduling mini-slot-based transmissions are distributed across the mini-slots contained within a slot.
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Figure 1: Control resource set configuration
Proposal 2: For mini-slot based transmission one of the following options may be selected:
· A control resource set may be configured in a mini-slot and schedules data in the same mini-slot.
· A control resource set is slot-specific but control channel candidates may be distributed across the slot.
2.3 NR-CCE and NR-REG structure
In LTE a PDCCH is mapped to one or more CCEs, where a CCE is made up of 36 REs. In contrast LTE EPDCCH is mapped to time-frequency resources across a subframe. To accommodate existing signals and channels from earlier LTE releases, ECCEs are consecutively numbered in a PRB pair except UE-specific REs for up to 8 layers. Each EREG nominally consists of 9 REs but some REs may be used by other channels and signals. An ECCE may consist of 4 or 8 EREGs. 

The number of REs available for control information in a NR-CCE depends on the number of DMRS REs, which in turn depends on the transmission scheme. If SFBC is adopted, at least 2 antenna ports would be configured. For similar channel estimation performance as in LTE, 2 REs may be reserved per antenna port for a total of 4 REs. This leaves 8 control REs per REG and for a CCE mapped to REGs in one symbol, 32 (40) REs are available for NR-CCE consisting of R = 4 (5) REGs. The same or a 50% reduction in RS overhead applies for 2-port or 1-port beamforming respectively as discussed in [3]. 

It was agreed that a UE assumes a fixed number of RS REs per REG for control rate matching when the REG contains RS REs though it is FFS whether this number is configurable.  Regarding this configuration we note that for the first CORESET which is obtained at initial access this number should be carried by NR-PBCH rather than trying to derive it implicitly. However, to limit the payload of the NR-PBCH, it is desirable that at least for the first CORESET, the number of RS REs assumed by the UE is fixed in the specification. 
Proposal 3: At least for a first CORESET known to a UE at initial access, the number of RS REs assumed by the UE for control rate matching is fixed in the specification.
It was also agreed that when a CORESET spans multiple OFDM symbols, the gNB informs the UE whether a control channel candidate is mapped to a single or multiple OFDM symbols. It is FFS whether implicit or explicit signaling is used for this indication. The mapping scheme is dependent on the CCE-to-REG mapping rule. If a CCE is mapped time-first to REGs as shown in Figure 2(a), it may be possible to reduce the number of RS REs in a NR-CCE depending on channel properties. For low Doppler, the channel estimates obtained from RS in the first symbol may be reused in the second symbol. Therefore for a 4-REG NR-CCE and assuming 2 antenna ports for rate matching, the number of control REs can be increased to 40 REs if no RS REs are transmitted in REGs on a second OFDM symbol. At high Doppler, and depending on the performance degradation, it may be preferable to transmit additional DMRS on other OFDM symbols for improved channel estimation. This optimization also increases the specification complexity because the number of control REs depends on channel properties such as the Doppler frequency. 
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Figure 2: CCE-to-REG mapping options in a CORESET (a) Time-first and (b) Frequency-first
Note that for frequency-first mapping as shown in Figure 2(b), it may not be possible to preclude RS REs in additional OFDM symbols in a CORESET because the CCE may not be part of the same candidate or even part of the same search space if multiple search space types (common and UE-specific) are mapped to the same CORESET. 
Proposal 4: Further study is required on the performance impact of a reduced RS overhead for a NR-CCE under different channel conditions including low and high Doppler scenarios.
Observation 2: The CCE-to-REG mapping is a property of the CORESET.

2.4 Other details for control resource sets
As a first CORESET is obtained at initial access, the control resources may not always be tailored to the specific channel and interference conditions faced by a UE. Similarly, to the EPDCCH it may be desirable to provide additional control resources targeting a specific UE including additional localized and distributed control channel candidates. Towards this goal a UE may be configured with one or more additional CORESETs. The mapping of CCE-to-REG mapping can be localized or distributed and may be implicitly or explicitly signaled to the UE. 
Proposal 5: At least two CORESETs could be configured for one single UE, with localized and distributed mapping respectively.

Generally speaking, a CORESET should have sufficient capacity to support the largest aggregation level (AL) configured for a UE. Given that the system bandwidth configured for a UE may be smaller than the actual carrier bandwidth, some overlap of CORESETs may be required for efficient utilization of the system bandwidth. 
Proposal 6: The time-frequency resources in two or more CORESETs may overlap.
3 Conclusion
This contribution discussed some outstanding details of common control signaling. In summary,
· Observation 1: The transmit diversity scheme is at least a property of the first CORESET obtained at initial access.
· Observation 2: The CCE-to-REG mapping is a property of the CORESET.
· Proposal 1: Configuration of a first CORESET is obtained at DL initial access and can be used for common and dedicated control signaling, i.e. a CORESET may contain multiple search spaces.
· Proposal 2: For mini-slot based transmission one of the following options may be selected:
· A control resource set may be configured in a mini-slot and schedules data in the same mini-slot.
· A control resource set is slot-specific but control channel candidates may be distributed across the slot.
· Proposal 3: At least for a first CORESET known to a UE at initial access, the number of RS REs assumed by the UE for control rate matching is fixed in the specification.
· Proposal 4: Further study is required on the performance impact of a reduced RS overhead for a NR-CCE under different channel conditions including low and high Doppler scenarios.
· Proposal 5: At least two CORESETs could be configured for one single UE, with localized and distributed mapping respectively.
· Proposal 6: The time-frequency resources in two or more CORESETs may overlap.
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