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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 following agreements related to DL control channel structures were made in RAN1 #86bis [3]:
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:
· From gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slots
· FFS: From gNB perspective, DL control signalling can be located over the slot and/or mini-slot
Agreements:
· 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
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  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

Agreements:
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)
· FFS the first RF bandwidth is within the second RF bandwidth
· FFS the first RF bandwidth is at the center of the second RF bandwidth
· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth
· FFS detailed mechanism
· FFS RF bandwidth adaptation for RRM measurement
We provide our views on the DL control channel structure in this contribution. DMRS structure for PDCCH is discussed in [4] and the impact and benefits of DL control information and data using different numerologies is outlined in [5], respectively.
2	Discussion 
In this section we provide views on the topics related to PDCCH design according to email discussion [86b-21].
2.1. 	Control region

A UE monitors for downlink control information in ‘a ctrl region’. ‘A ctrl region’ consists of an integer number of PRBs in the frequency domain and one or more OFDM symbols in time domain. UE specific search space located with “a ctrl region” is configured via higher layer signalling. 

Multiplexing between PDCCH and PDSCH is based primarily on time division multiplexing. This allows not only fast energy efficient pipeline processing at the receiver but provides also favourable interference conditions for control signals, also in the case of flexible TDD. Due to the fact that mini-slot duration in terms of number of OFDM symbols can be relatively small (such as one or two OFDM symbols), it seems to be necessary to support also FDM between control and data [6]. We think that it should be possible to support FDM between DL control/data also with regular slots, at least in the scenario where DL control/data is multiplexed between different UEs. This allows minimizing the DL control channel overhead, e.g. in the cases where multiple DL control symbols are needed.  

Proposal #1: A UE monitors for downlink control information in a UE specific ‘ctrl region’. ‘A ctrl region’ consists of an integer number of PRB’s in the frequency domain and one or more OFDM symbol in the time domain.
Proposal #2: UE specific search space located within “a ctrl region” is configured via higher layer signalling 
Proposal #3: FDM between DL data and DL control is supported.


2.2. 	Control subband
A control subband presents a frequency domain allocation of ‘ctrl region’. In order to maximize the amount of frequency resources that can be flexibly utilized or that can be left blanked, the non-contiguous control subbands needs to be supported. Size of control subband is a configuration parameter.

Proposal #4 Non-contiguous control subband is supported in order to allow efficient resource blanking
Proposal #5: Size of control subband is a configuration parameter

2.3. PDCCH resource 
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 regardless whether the DL control region consist one or more OFDMA symbols.  
Proposal #6: The PDCCH resource unit (NR-REG) size is one PRB (i.e. 12 contiguous subcarriers in frequency) including DMRS in an OFDM symbol


The NR-CCE size should be dimensioned according to the expected DCI payload. In terms of link adaptation, NR needs to support at least the same aggregation levels as LTE PDCCH, corresponding to 36, 72, 144, or 288 resource elements. Assuming that one fourth of the subcarriers are allocated to DMRS, one resource unit has 9 REs and one NR-CCE could consist of 4 resource units.

Proposal #7: One NR-CCE consists of 4 resource units (NR-REG) 
Proposal #8: NR PDCCH should support at least the aggregation levels of 1, 2, 4 and 8.

2.4. NR-CCE composition 
Potentially both localized and distributed NR-CCE compositions in frequency domain need to be supported in order to enable frequency selective or frequency diversity transmission depending on the availability of CSI. Figure 1 presents 3 possible NR-CCE compositions in frequency and Figure 2 shows performance comparison between different NR-CCE composition schemes with aggregation level 1. Simulation parameters are given in Table 2. [image: ]
Figure 1 NR-CCE composition methods, a square presents 12 subcarriers/one PRB in frequency (x-axis) and one OFDM symbol in time (y-axis)
[image: ]
Figure 2 Performance on different CCE composition scheme

Simulations without CSI on transmitter indicate that NR-CCE composition in frequency to two of four clusters gives benefits over localized allocation.  In the case when control region consists of multiple OFDM symbols, it is beneficial to allow NR-CCE composition in time in order to minimize the DL control granularity in frequency

Proposal #9: NR-CCE composition in both time and frequency should be supported.
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:
Proposal #1: A UE monitors for downlink control information in a UE specific ‘ctrl region’. ‘A ctrl region’ consists of an integer number of PRB’s in the frequency domain and one or more OFDM symbol in the time domain.
Proposal #2: UE specific search space located within “a ctrl region” is configured via higher layer signalling 
Proposal #3: FDM between DL data and DL control is supported.
Proposal #4 Non-contiguous control subband is supported in order to allow efficient resource blanking
Proposal #5: Size of control subband is a configuration parameter
Proposal #6: The PDCCH resource unit (NR-REG) size is one PRB (i.e. 12 contiguous subcarriers in frequency) including DMRS in an OFDM symbol
Proposal #7: One NR-CCE consists of 4 resource units (NR-REG) 
Proposal #8: NR PDCCH should support at least the aggregation levels of 1, 2, 4 and 8.
Proposal #9: NR-CCE composition in both time and frequency should be supported.
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Appendix

[bookmark: _GoBack]Table 2 Simulation parameters
	Parameter
	Value

	Number of Tx antennas
	2

	Number of Rx antennas
	2

	Subcarrier spacing
	60 kHz

	Carrier Bandwidth
	80 Mhz

	Antenna diversity method
	SFBC

	Number of data  REs
	32 , Localized allocation

	Number of DMRS REs
	16 (8 per layer)

	Modulation
	QPSK

	Radio Channel
	TDL B 100 ns

	Channel estimation method
	MMSE

	Channel coding
	Tail baiting convolutional coding

	Coding rate
	1/2

	Number of coded Bits
	32
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