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

· NR-PDCCH can be mapped contiguously or non-contiguously in frequency with localized or distributed mapping of REGs to a CCE (in the physical domain)
· Note: The number of contiguous REGs in the CCE needs further discussion.
· Note: Localized/distributed mapping can be achieved without/with interleaving.
Agreements:

· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET

· Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 
· REG bundling per CCE is supported for NR-PDCCH
· FFS: Whether this applies to common search space

· FFS: Whether all REGs have DMRS or not
· FFS: Whether wideband precoding is supported and the definition of a REG bundle if it is supported
· FFS: whether REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of CCE to REGs 

· FFS on REG bundle size

· FFS whether REG bundle size is configurable

Working assumption:
· A NR-CCE is defined as 6 REGs

· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs

· FFS: impact of the NR-CCE definition on CORESET size, CCE aggregation levels, data resource allocation granularity, etc.




In this contribution, given the assumptions that a CCE contains 6 REGs and is distributed mapped on a single symbol with REG bundling (i.e. frequency-first mapping of REG-to-CCE), we provide some discussions and evaluation results on mapping method of CCE-to-PDCCH.
2. Discussion
Two mapping methods are considered for CCE-to-PDCCH mapping, frequency-first and time-first mapping. Combined with above assumptions, frequency-first mapping implies that all the CCEs belonging to the same PDCCH locate on a single OFDM symbol. This method can achieve a better frequency diversity gain and allows the symbol-level blind decoding regardless of control region duration. This is beneficial for decoding latency and simplifies the general PDCCH design. However, DMRS sharing among multiple control symbols is not allowed. 
The other mapping method is time-first mapping, which implies that multiple CCEs belonging to the same PDCCH may span multiple OFDM symbols with each CCE only maps on a single symbol. This method could realize DMRS sharing among OFDM symbols and thus reduce DMRS overhead, but this imposes a restriction of waiting for the last OFDM symbol for blind decoding. Moreover, time-first mapping is more friendly for a CORESET with limited bandwidth, especially for high aggregation level. 
Frequency-first mapping and time-first mapping for a NR PDCCH with aggregation level 4 are illustrated as Figure 1.
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Figure 1 Illustration of frequency-first and time-first mapping methods (e.g., AL=4)
3. Simulation results
In this subsection, we evaluate the two mapping methods with precoder cycling scheme. The simulation assumptions are summarized in Appendix A. Note that, aggregation level 1 is omitted as frequency-first REG-to-CCE mapping is assumed in this contribution.
In Figure 2, the BLER performance of two mapping methods under 30ns and 300ns delay spread is shown, respectively. It shows that, time-first mapping outperforms slightly @1% BLER under small delay spread (30ns). This is because that time-first mapping could reduce the DMRS overhead and thus lead to a lower coding rate or better channel estimation performance than frequency-first mapping. Under large delay spread (300ns), frequency-first mapping achieves similar performance for high aggregation level (AL=4/8) and a better performance for low aggregation level (AL=2). It probably because that a large delay spread (i.e., more frequency selectivity) provides higher gain of frequency diversity.
Observation 1: Time-first mapping of CCE-to-PDCCH is slightly better than frequency-first mapping under small delay spread (30ns).

Observation 2: Larger delay spread is beneficial for frequency-first mapping of CCE-to-PDCCH.
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	(a) 30ns
	(b) 300ns

	Figure 2 Time-first mapping vs. Frequency-first mapping


4. Conclusions 
In this contribution, we discuss and evaluate time-first and frequency-first mapping of CCE-to-PDCCH, with following observations:
Observation 1: Time-first mapping of CCE-to-PDCCH is slightly better than frequency-first mapping under small delay spread (30ns).

Observation 2: Larger delay spread is beneficial for frequency-first mapping of CCE-to-PDCCH.
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Appendix
Table 2 Simulation assumptions

	Parameters
	Assumptions

	Carrier frequency
	4GHz

	System bandwidth
	20MHz

	Subcarrier spacing
	15kHz

	DCI payload size
	60bit + 16bit CRC

	Aggregation level
	2/4/8

	PRB number per CCE
	6

	Resource mapping
	Distributed with 3-REG bundling

	MCS
	QPSK

	Channel coding
	Polar

	Channel model
	TDL-C [30/300ns]

	Antenna configuration
	2T 2R

	UE speed
	3km/h

	Channel estimation
	MMSE
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