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1. Introduction
In last RAN1 meeting, the mapping method of NR-PDCCH was discussed and following agreements were achieved [1]:
	Agreements:

· NR-PDCCH can be mapped contiguously or non-contiguously in frequency

· The following may be considered to achieve the above (in the physical domain)

· Option 1: Localized or distributed mapping of REGs to a CCE. 

· Option 2: Localized mapping of REGs to a CCE. Localized or distributed mapping of CCEs when multiple CCEs are needed for an NR-PDCCH

· Down-selection between Opt 1 and Opt 2 should be further discussed

· Companies are encouraged to perform evaluations considering aspects such as channel estimation, frequency diversity, impact of resource reuse for NR-PDSCH, etc., especially for one CCE case

Agreements:

· FFS details of mapping of NR-PDCCH in time and frequency, considering the following options:

· Frequency first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate 

· Time first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate

· Frequency first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate

· Time first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate

· Down-selection should be discussed, including of the number of supported option(s)


In this contribution, we provide some discussions and simulation results on the down-selection between time-first mapping and frequency-first mapping of REGs to CCEs. Based on the evaluation results and analysis, we provide our views on the resource mapping on NR-PDCCH.
2. Discussion
Two methods for REG-to-CCE mapping are considered in NR. Frequency-first mapping is to limit the REGs in one CCE to span only within a single OFDM symbol. While time-first mapping allows the REGs in one CCE to span multiple OFDM symbols. An illustration of two mapping methods is shown in Figure 1. It is obvious that for 1 control symbol, only frequency first mapping is feasible. This contribution focuses on the case with 2 control symbols.
An evident advantage of time-first mapping is DMRS sharing among OFDM symbols, which means more REs are available for DCI transmission and thus leads to a less RS overhead and a lower coding rate. An illustrative example of DMRS sharing among OFDM symbols is shown in Figure 1. The advantage of frequency-first mapping is less processing latency and more compatible with beam-related operation in high frequency.
In Table 1, we summary the pros and cons of two mapping method in detail.

Table 1 Comparison between time-first and frequency-first mapping

	
	Pros
	Cons

	Time-first mapping
	Lower RS overhead and lower coding rate with RS sharing
	· UE needs to wait all the OFDM symbols to start blind decoding

· Frequency diversity gain is limited

	Frequency-first mapping
	· Better frequency diversity

· Fast decoding: UE can start blind decoding after receiving a single OFDM symbol

· Easy for beam-related operation
	No RS sharing and the RS overhead is higher
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Figure 1 Illustration of two mapping methods and DMRS sharing
3. Simulation results
The simulation assumptions are summarized in Appendix A. Note that, in this contribution we only compare the two mapping methods under SFBC localized transmission scheme. Localized indicates the REGs are located in continuous PRBs. For time-first mapping, DMRS is only configured on the first symbol, as shown in Figure 1.
In Figure 2, the BLER performance of two mapping methods under 20bit and 60bit payload is shown, respectively. Under localized mapping of REGs to a CCE (good channel estimation performance), frequency-first mapping performs slightly better than time-first mapping with small DCI payload, while time-first has slightly better performance with large DCI payload. It is probably because that a lower coding rate maybe more beneficial for large DCI payload.
Observation 1:,Under good channel estimation performance, frequency-first mapping performs slightly better with small DCI payload, while time-first mapping is fit for large DCI payload, especially for one CCE case.
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	(a) 20bit
	(b) 60bit

	Figure 2 Time-first mapping vs. Frequency-first mapping (Localized mapping, UE speed=3km/h, TDL-A[30ns])


4. Conclusions 
In this contribution, we discuss and evaluate time-first and frequency-first mapping of REGs to CCE for 2 control symbols, with following observation:
Observation 1:,Under good channel estimation performance (localized SFBC with multiple PRB channel estimation), frequency-first mapping performs slightly better with small DCI payload, while time-first mapping is fit for large DCI payload, especially for one CCE case.
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Appendix
Table 2 Simulation assumptions

	Parameters
	Assumptions

	Carrier frequency
	4GHz

	System bandwidth
	20MHz

	Subcarrier spacing
	15kHz

	DCI payload size
	[20/60]bit + 16bit CRC

	Aggregation Level
	1/2/4/8

	PRB number per CCE
	4

	Resource mapping
	Localized/distributed

	MCS
	QPSK

	Channel Coding
	PC-Polar

	Channel model
	TDL-A [30ns]

	Antenna configuration
	2T 2R

	UE speed
	3km/h

	Channel estimation
	MMSE


Notes: RPB number per CCE is fixed to 4 only for evaluations 
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