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1. Introduction
The basic building blocks for the NR DL control channel were discussed at the RAN1#86bis meeting. Structural aspects such as the definition of a control subband and the NR-CCE structure were agreed. A detailed list of the agreements pertaining to the channel structure is given below: 
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
· 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
· 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.

In this contribution, we provide our views on detailed design aspects of the DL control channel structure including the control subband and NR-CCE definition. 
2. Aspects in NR DL control channel design 
In RAN1#86 meeting, the slot structure in a slot is agreed as following:
Agreements:
· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}
· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain
AND
· Mini-slot
· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission
· May contain ctrl at the beginning and/or ctrl at the end
· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)
The UL/DL resource combinations may vary in each slot. NR DL control channel can be in a predefined position in a slot, either localized or distributed. A UE acquires a scheduled UL or DL grant from the associated DL control channel. As the mini-slot is the smallest possible scheduling units, the NR scheduler has the ability to schedule the data transmission every mini-slot. The NR system would support data traffic with different characteristics including transport block size, latency requirements, etc. For example, one type of traffic may be persistently transmitted in several consecutive slots or mini-slots, while a different type of traffic is transmitted on only one slot or mini-slot. The resource allocation needs to be flexible to support traffic with different QoS requirements. For the flexibility of resource allocation and latency considerations, mini-slot should be defined as the unit for the resource allocation.  From the point of overhead, the NR control channel should support dynamic resource allocation of a transport channel with variable length of a TTI, such as multi-(mini-)slot scheduling and cross-(mini-)slot scheduling.
Proposal 1: Mini-slot is the basic unit of resource allocation within a slot.  NR DL control channel design should support dynamic resource allocation for a transport block with variable length of a TTI.  Dynamic resource allocation method with control overhead minimization schemes should be supported.
3. NR control subband design
In LTE, common or dedicated DL control information is transmitted on a PDCCH made up of smaller building, CCEs and REGs in that order. Multiple PDCCHSs are interleaved at the REG level and mapped across the entire bandwidth. A UE is mandated to process the received signal over the entire system bandwidth. Such a design may not be preferable for NR for the following reasons:

· Considering that the NR carrier bandwidths may be much larger than LTE, the power consumption and processing delay may be unacceptable particularly for eMBB and URLLC services. 
· Secondly, the inflexible nature of PDCCH transmission over the carrier bandwidth in LTE was seen as a disadvantage for frequency domain ICIC in HetNet deployments. This was one motivation for introducing the EPDCCH. 

Based on these observations from LTE, for the NR system a UE may be configured to monitor for common or dedicated DCI over a frequency region that is smaller or equal to the carrier bandwidth. For the purpose of this discussion, and to avoid confusion between NR and LTE terminology, we define a
· Frequency Resource Block: consisting of 12 resource elements in an OFDM symbol, and a 
· Physical Resource Block: made up of a FRB and the number of OFDM symbols contained in a mini-slot
With this change in notation, the agreement may be stated as: a control subband consists of an integer number of FRBs.. The number of control subbands a UE may need to monitor depends on the structure of the control subband. If the constituent FRBs are contiguous in frequency domain then more than one control subband may be configured wherein each subband contains a small number of FRBs. This may enable frequency domain ICIC. On the other hand, if the constituent FRBs are non-contiguous over the carrier bandwidth, there is no strong reason to introduce more than one control subband. 
Observation: One control subband may be sufficient for DCI monitoring.
As a UE monitors for downlink control information in one control subband, it is essential that the UE learns which subband to monitor and the size of the subband. Three options could be considered:
1) Option 1: The control subband of a UE is associated with its numerology. For example, the system BW may be partitioned into numerology-specific subbands. A UE scheduled with a specific numerology should treat the associated numerology subband as its control subband.  Additional method could be considered to further indicate the position within the numerology BW. In this case, several NR-PDCCHs may be transmitted in one control subband. Considering a UE may have different service type with different numerology in the BW, it is may be reasonable that each numerology has its control subband.
2) Option 2: The control subband can be indicated by higher layer signaling, e.g. SI or RRC signaling. The serving gNB can configure either UE-specific control subband for each UE or a common control subband for a group of UEs. As the SI has to be scheduled by common control information which is conveyed by a common control channel, a common control subband used for common control channel may also be introduced. The common control subband can be specified in the specification.
3) Option 3: The control subband can be indicated by L1 signaling, e.g. in common DL control channel. This is in line with the agreement that a UE may receive additional control information elsewhere within or outside the control subband in the same or different OFDM symbol(s). More details on common control signaling are provided in a companion contribution [2].
Proposal 2: At least the following signaling mechanisms should be considered for indicating the control subband location and size: numerology-dependent, SI/RRC signaling or broadcast L1 signaling.
4. NR-CCE design
In LTE system, one or several (E)CCEs are occupied by a PDCCH depending on the aggregation level. Each (E)CCE consists of several (E)REGs. Frequency domain interleaving is enabled at the REG level.  However in the NR system, the coverage is much smaller and the interference management can be promoted remarkably, the REG-level granularity may be not necessary. A FRB can be used as the basic resource unit for NR control channel. As the control region can be located on more than one OFDM symbols, the NR-CCE may be mapped on several OFDM symbols, just like the mapping of CCE in LTE.  A NR-CCE should consist of several FRBs, either contiguous or discrete. The number of FRBs that a NR-CCE contains should be further studied depending on the DCI format size and the target coding rate. If the interleaving method is preserved, the FRB can be used as the basic interleaver granularity. The interleaver used in LTE could be a starting point for NR. Another alternative is exploiting frequency selective scheduling by selecting the best subband for transmitting an NR-PDCCH and abandon interleaver. Some additional mechanism may be applied to enhance the robust of NR-PDCCH, e.g. interference management, frequency diversity, beam-forming. 
The NR-PDCCH can be demodulated by UE depending on DM-RS.  When interleaving is introduced, a possible way is to place the associated DM-RS REs into the control band in fixed RE positions, either on or before the symbol containing NR-PDCCH. If the NR-PDCCH is placed on selected FRBs without interleaving, the DM-RS should be located in the associated FRBs in fixed positions. An example is shown in Figure 1.
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· Proposal 3: The number of frequency resource blocks that a NR-CCE contains should be further studied depending on the DCI format size and the target coding rate. 
· If interleaving is applied, an FRB can be used as the basic unit.
Conclusion
This paper provides the DL control channel design considerations in the NR system design. We have the following proposals for the physical control channel for NR frame structure,
· Proposal 1: 
· A mini-slot is the basic unit of resource allocation within a slot.  
· NR DL control channel design should support dynamic resource allocation for a transport block with variable length of a TTI.  
· Dynamic resource allocation method with control overhead minimization schemes should be supported. 
· Proposal 2: At least the following signaling mechanisms should be considered for indicating the control subband location and size: numerology-dependent, SI/RRC signaling or broadcast L1 signaling.
· Proposal 3: The number of frequency resource blocks that a NR-CCE contains should be further studied depending on the DCI format size and the target coding rate. 
· If interleaving is applied, an FRB can be used as the basic unit.
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