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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
This contribution relates to the DL control channel design for NR. The basic NR frame structure forms the boundary conditions for the DL control channel design. In RAN1 #86, the following agreements related to slot structure were made [3]:
Agreements:
· Slot
· Slot of duration y OFDM symbols in the numerology used for transmission
· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)
· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded
· One possible scheduling unit
· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS

We provide our views on the DL control channel structure in this contribution. The basic requirements and design principle for downlink control channel solution taking account scheduler perspective is outlined in [4].
2	Discussion 
The key targets for NR PDCCH design are listed below: 
· Support for fast energy efficient pipeline processing at the receiver
· Support of very low scheduling latency 
· Support for high control channel capacity
· Support for frequency domain scheduling and ICIC for downlink control channel.
· Support for beamforming
· Support for forward compatible resource blanking
· Support for multi-numerology.

Three slot types shown in Figure 1 provide the basic NR functionality for both TDD and FDD modes. For the bi-directional slot types, there is either downlink data or uplink data transmission in each slot, as well as the corresponding downlink and uplink control. Multiplexing between DL control, DL/UL data, GP and UL control is preferably based on time division multiplexing when possible (exact multiplexing details are FFS). This allows not only fast energy efficient pipeline processing at the receiver but provides also favorable interference conditions for control signals, also in the case of flexible TDD. 
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Figure 1 Slot types, y=7.

Following the slot types shown in Figure 1, physical downlink control channel (PDCCH) is conveyed via the DL control symbol(s) located at the beginning of the slot. PDCCH carries different downlink control information (DCI) types containing latency critical DL/UL scheduling information, HARQ information, MIMO feedback, CSI/SRS request and other necessary L1 DL control information. 
As discussed multiplexing between DL data and DL control within slot is based primarily on time division multiplexing. Due to the fact that mini-slot duration in terms of number of OFDMA symbols can be relatively small (such as one or two OFDMA symbols), it seems to be necessary to support also FDM between DL control and DL data [8]. We think that it should be possible to support FDM between DL control/data also with regular slots. This allows minimizing the DL control channel overhead, e.g. in the cases when multiple DL control symbols are needed. 

Proposal #1: PDCCH is transmitted at the beginning of slot/mini-slot.
Proposal #2: Support FDM between DL control and DL data. 


From forward compatibility point of view, it makes sense to define downlink control (and data channels) as well as reference signals in block based manner [5]. This makes it possible for an UE to receive DL control channel using a narrow sub-band of the entire system bandwidth. 

This can be made by means of PDCCH resource unit consisting a predefined number of consecutive subcarriers within OFDMA symbol. In order to allow efficient multiplexing between PDCCH and PDSCH within OFDM symbol, the PRB size in frequency should be common for both PDCCH and PDSCH. Thus, assuming that the number of subcarriers per PRB is 12 [6], the number of subcarriers per PDCCH resource unit should equal to M*12. 

The PDCCH resource unit size can be dimensioned according to the expected DCI payload. For example, with M=4, there are 48 subcarriers/OFDMA symbol available within each PDCCH resource unit. Assuming that one third of the subcarriers are allocated to DMRS, each PUCCH resource unit contains:
· 16 subcarriers are allocated to PDCCH DMRS and
· 32 subcarriers would be available for DCI
This provides 64 coded bits/PDCCH resource unit with QPSK modulation.

The PDCCH resource unit aggregation in time and frequency needs to be supported in order to provide sufficient coverage and interference resistivity. On the other hand, in order to maximize the multiplexing capacity, spatial multiplexing of UEs within a PDCCH resource unit needs to be supported as well. 

Proposal #3: Control channel and related reference signals are constructed by aggregating basic PDCCH resource units
Proposal #4: Physical Resource Block size in the terms of number of subcarrier is common for PDCCH and PDSCH
Proposal #5: PDCCH resource unit size in frequency is M*12 subcarriers (parameter M is FFS)
Proposal #6: Support spatial multiplexing within a PDCCH resource unit


The beamforming architecture used in the BS needs to be taken into account also in the PDCCH design. Typical characteristics for hybrid beamforming operating with limited number of RF beams in parallel is that the beams can cover only portion of the cell coverage at a time as shown Figure 3. In this example the BS has capability to form 2 RF beams at a time. The more narrow beam the less UEs can share the same beam and thus the multiplexing capacity will be limited by the number of TXRUs. The situation can be improved by allocating more than one PDCCH symbols per slot. Obviously, there should be an opportunity for RF beam switching between consecutive PDCCH symbols. 
Observation #1: RF beamforming requires scalable PDCCH design in both frequency and time. 
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Figure 2 Sector coverage using limited number of narrow RF beams at a time.

[bookmark: _GoBack]As agreed in 3GPP RAN1#85, multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported. From UE point of view, dynamic numerology adaptation based on TDM, could provide certain benefits compared to the scenario with a single numerology. It could for example provide opportunities for dynamic bandwidth adaptation and improved power saving.

Dynamic scheduling between multiple numerologies will increase the PDCCH blind detection burden compared to the scenario with a single numerology. It may be a challenge, for at least certain UE categories, to decode multiple numerologies simultaneously e.g. due to tough delay budget and hardware limitations.

One option to reduce DCI detection burden is to use predetermined subcarrier spacing for at least the first control symbol of the slot (according to reference numerology). The first control symbol with predetermined subcarrier spacing contains the information about subcarrier spacing used in the rest of the slot. Figure 3 shows three examples where DL control channel is based on 60 kHz numerology. Regardless of the numerology selected for data channel, the subcarrier spacing of the first control symbol is 60 kHz.

Observation #2: Dynamic scheduling of multiple numerologies increases PDCCH blind detection burden at UE
Proposal #7: Consider different numerologies for control and data as an enabler for dynamic scheduling between multiple numerologies
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Figure 3 Exemplary slot structures with different numerologies (15 kHz, 60 kHz) for control and data parts, reference numerology = 15 kHz. 
3	Conclusions
In this contribution we have discussed the DL control channel structure and related requirements in the NR scenario. Based on the discussion, we make the following observation and proposals:
Observation #1: RF beamforming requires scalable PDCCH design in both frequency and time.
Observation #2: Dynamic scheduling of multiple numerologies increases PDCCH blind detection burden at UE
Proposal #1: PDCCH is transmitted at the beginning of slot/mini-slot.
Proposal #2: Support FDM between DL control and DL data 
Proposal #3: Control channel and related reference signals are constructed by aggregating PDCCH basic resource units
Proposal #4: Physical Resource Block size in the terms of number of subcarrier is common for PDCCH and PDSCH
Proposal #5: PDCCH resource unit size in frequency is M*12 subcarriers (parameter M is FFS)
Proposal #6: Support spatial multiplexing within PDCCH resource unit
Proposal #7: Consider different numerologies for control and data as an enabler for dynamic scheduling between multiple numerologies
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