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Introduction
In [1], we presented some high-level design principles of downlink control channel (PDCCH) for NR. Based on these principles, following agreements were made in RAN1#86bis regarding the NR-PDCCH design:
Agreements:
· From gNB perspective, DL control signaling can be located at the first OFDM symbol(s) in a slot and/or mini-slot
· FFS: From gNB perspective, DL control signaling 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 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 paper, we analyze the coverage of NR PDCCH channel occupying only one OFDM symbol as compared to multi-symbol PDCCH for two different DCI sizes (24 bits + 64 bits) using localized mapping on frequency domain (i.e. NR-CCE contains contiguous PRBs).  
Discussion
Evaluation Assumptions
Table 1 summarizes the simulation assumptions used. 
	Parameter
	Value

	Numerology
	15kHz

	FFT size 
	2048 

	Resource element group (REG) size
	12 subcarriers [2]

	Modulation scheme
	QPSK

	Channel codec
	LTE TBCC

	PDCCH payload sizes 
	24 bits and 64 bits

	CRC size
	16 bits

	Antenna ports
	Tx: 2    Rx: 2

	Transmit diversity scheme
	SFBC

	RS overhead per PDCCH
	50% (3 RS per antenna per RB, every 4th subcarrier) 

	PDCCH frequency mapping 
	Fully localized (Contiguous PRB & CCE) 

	Aggregation level (AL)
	2 

	Channel model
	TDL-A with 100ns and 1000ns RMS delay spreads


Performance Results
Figure 1 and Figure 2 show the BLER performance of PDCCH in terms of SNR per subcarrier with 24bits and 64bits DCI payload sizes. ‘Red curves’ show the performance of multi-symbol PDCCH whereas the ‘orange curves’ show the performance of single-symbol PDCCH. We can observe that the link performance remains similar for either spreading PDCCH in time domain or frequency domain. As discussed in [3], choosing one OFDM symbol long PDCCH channel for NR decrease the scheduling complexity for semi-statically configured duration of downlink control search space. 
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(a) PDCCH payload size = 24 bits
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(b) PDCCH payload size = 64 bits
Figure 1: PDCCH link performance with TDL-A channel with 100ns RMS delay spread
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(a) PDCCH payload size = 24 bits
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(b) PDCCH payload size = 64 bits
Figure 2: PDCCH link performance with TDL-A channel with 1000ns RMS delay spread

Observations:
· The link performance of both time spreading and frequency spreading is similar for a DCI size and a code rate. 
Conclusion
Aggregation in time is equivalent to aggregation in frequency assuming a constant power-spectral density.
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